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HETEROCYCLIC ETHER COMPOUNDS THAT ENHANCE 

COGNITIVE FUNCTION 

This application is a continuation-in-part of copending U.S. patent 
application Serial No. 07/959,005, filed October 9, 1 992. 

TECHNICAL FIELD 

This invention relates to heterocyclic ether compounds and 
pharmaceutical compositions thereof which are cholinergic ligands selective for 
neuronal nicotinic cholinergic channel receptors; to methods for preparing these 
compounds; and to the use of these compounds: in treating cognitive, 
neurological and mental disorders, such as dementias and anxiety, which are 
characterized by decreased cholinergic function, in treating attention-deficit 
disorder, in treating or preventing withdrawal symptoms caused by the cessation 
of chronic or long term use of tobacco products, and in ameliorating the 
symptoms of anxiety and frustration associated with withdrawal of other addictive 
substances such as, for example, cocaine, diazepam or alcohol. 

BACKGROUND OF THE INVENTION 

Dementia has been widely recognized as a very serious health problem. 
Alzheimer's disease, which has been identified by the National Institutes of Aging 
as accounting for more than 50% of dementia in the elderly, is also the fourth or 
fifth leading cause of death in Americans over 65 years of age. Four million 
Americans, 40% of Americans over age 85 (the fastest growing segment of the 
U.S. population), have Alzheimer's disease. Twenty-five percent of all patients 
with Parkinson's disease also suffer from Alzheimer's disease-like dementia. 
And in about 15% of patients with dementia, Alzheimer's disease and multi-infarct 
dementia coexist. The third most common cause of dementia, after Alzheimer's 
disease and vascular dementia, is cognitive impairment due to organic brain 
disease related directly to alcoholism, which occurs in about 10% of alcoholics. 

The precise molecular lesion(s) that contribute to the morphological and 
functional deficits associated with dementia is unclear despite intensive research 
efforts over the last decade. However, the most consistent abnormality for 
Alzheimer's disease, as well as for vascular dementia and cognitive impairment 
due to organic brain disease related to alcoholism, is the degeneration of the 
cholinergic system arising from the basal forebrain (BF) to both the cortex and 
hippocampus (Bigl et a/., in Brain Cholinergic Svstppn* ; m. Steriade and D. 
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Biesold, eds., Oxford University Press, Oxford, 1 990, pp. 364-386). In particular, 
neurochemical evidence from the brains of patients afflicted with Alzheimer's 
disease has revealed reliable decreases in markers of cholinergic neuronal 
function (Perry etal., Br. Med. J. 1978, 2:1457; Reisine eta!., Brain Res. 1978, 
759:477; Coyle et aJ., Science 1983, 219:1184; and McGeer etal., Neurology 
1984, 34:741). While there are a number of other neurotransmitter systems 
affected by Alzheimer's disease (Davies, Med. Res. Rev. 1983, 3:221), the 
relative occurrence of such abnormalities is less consistent or the effect is less 
profound than the decreases in these cholinergic neuronal function markers. 
More specifically, substantial reductions (30-50%) in nicotinic cholinergic channel 
receptors have been consistently reported in the brains of patients with 
Alzheimer's disease or Parkinson's disease (Kellar etal.. Brain Res., 1987, 
436:62; and Whitehouse etal., Neurol. 1988, 33:720), whereas changes in 
muscarinic cholinergic receptors are less remarkable and more dependent on 
receptor subtype. 

However, degeneration of the cholinergic neurotransmitter system is not 
limited to individuals suffering from dementia. It has also been seen in otherwise 
healthy aged adults and rats. Decreases in cholinergic markers in the basal 
forebrain, decreases in cortical activities of the biosynthetic and degradative 
enzymes for acetylcholine, decreases in the ability to release acetylcholine from 
tissue slices, and decreases in numbers of cortical nicotinic cholinergic channel 
receptors have all been reported in such otherwise healthy aged individuals (for 
a review, see Giacobini, J. Neurosci. Res. 1990, 27:548). Moreover, for those 
cholinergic neurons that remain, aging may cause a decrease in the temporal 
fidelity of existing impulse flow from the basal forebrain to the cortex (Aston-Jones 
et ai, Brain Res. 1985, 325:271). Consistent with these findings are 
pharmacological studies suggesting that cholinergic mechanisms are, at least in 
part, responsible for the memory disturbances in aged animals and humans not 
suffering from Alzheimer's disease (Drachman and Leavitt, Arch. Neurol. 1 974, 
30:1 1 3; Bartus et al.. Science 1 982. 21 7:408). 

Other clinical correlates associated with the neurodegenerative process of 
Alzheimer's disease include decreases in regional cerebral blood flow and 
cerebral glucose utilization, in regions which largely parallel the areas where 
cholinergic deficits occur (Ingvar and Risberg, Exp. Brain Res., 1962, 3:195; 
Ingvar et ai., Aaino: Alzheimer's Dispasp , Senile Dpmpntia and RplatPrt 
DiSSldSIs. Vol. 7 , R. Katzman, R.D. Terry, and K.L Bick, eds., Raven Press, 1978, 
p. 203; and Dastur, J. Cerebral Blood Flow & Metabol. , 1985, 5:1). In fact, it has' 
been suggested that routine measurement of cerebral blood flow may be a useful 
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procedure in evaluating patients suspected of having dementia, and of having 
Alzheimer's disease in particular. 

Conflicting reports exist regarding the effect of aging on resting cerebral 
blood flow and cerebral glucose utilization in "normal, healthy" aged humans 
(Dastur, J. Cerebral Blood Flow & MetaboL 1985, 5:1) and rats (Smith etal., Brain 
, 1980, 103:351; and Buchweitz-Milton and Weiss, Neurobiol. Aging, 1987, 
5:55). Although decreases in cerebral blood flow and cerebral glucose utilization 
are generally reported in aged populations, it has been suggested that these 
decreases are secondary to other ongoing cerebral dysfunctions. Nonetheless, 
deficiencies in metabolic and cerebrovascular responses to pharmacologic and 
physiologic perturbation are consistently reported. Of particular interest is the 
recent finding in rats that increases in cerebral blood flow elicited by electrical 
stimulation of the basal forebrain shows age-related impairments (Unville and 
Arneric, Soc. Neurosci. Abstract, 1989, 75:17.5). Indeed, studies that compare 
the degree of learning impairment with the degree of reduced cortical cerebral 
blood flow in aged rats show a good correlation (Berman et al., Neurobiol Aging 
1988.5:691). 

Recent clinical evidence suggests that the characteristic perfusion 
abnormality observed in Alzheimer's disease patients reflects regional nicotinic 
cholinergic deficits (Prohovnik, Neurobiol. Aging, 1990, 11:262). In particular, 
mecamylamine, a centrally-acting nicotinic receptor antagonist, reduces resting 
cortical perfusion in the parietotemporal cortex of humans, the area of the cortex 
most consistently found to be impaired in functional brain imaging of Alzheimer's 
disease patients. In agreement with this finding, regulation of cerebral blood flow 
in the frontoparietal cortex, governed by the basal forebrain, is also dependent 
upon nicotinic mechanisms in the rat (Arneric, J. Cerebral Blood Flow & Metabol 
1989, 9 (Suppl. 1): S502). 

Chronic alcoholism, more particularly, the resultant organic brain disease, 
like Alzheimer's disease and normal aging, is also characterized by diffuse 
reductions in cortical cerebral blood flow in those brain regions where cholinergic 
neurons arise (basal forebrain) and to which they project (cerebral cortex) (Lofti & 
Meyer, Cerebrovasc. and Brain Metab. Rev, 1989, 7:2). Moreover, of all the 
neurotransmitter systems studied, the neurotoxic effects of alcohol on the 
cholinergic system are thought to be the most important. 

Intuitively, regardless of specific etiologic process, therapies directed 
towards enhancing cognitive processing would be contingent upon maintaining a 
well-regulated balance between adequate cerebral blood flow, cerebral glucose 
utilization and cholinergic neurotransmission arising from the basal forebrain. 
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Pilot clinical studies suggest that nicotine may be useful for the acute 
treatment of deficits in attention and information processing associated with 
Alzheimer's disease (Sahakian etal., Brit. J. Psych., 1989, 1 54:797; Newhouse 
et al., Psychopharmacol., 1988, 95:171). It has been shown that both acutely- 
and chronically-administered nicotine enhances cognitive function in rats (Levin 
et al., B&hav. Neural Biol., 1990, 53569), an effect that is also observed in aged 
animals (Cregan etal., Soc. Neurosci. Abstract, 1989, 15: 2952). Anecdotal 
evidence suggests a negative correlation between smoking by an individual and 
the likelihood of the individual acquiring Alzheimer's disease. These findings are 
supported by additional animal studies demonstrating a 
neuroregenerative/neuroprotective action of chronically-administered nicotine on 
both neuronal and vascular functions following hemitransection or MPTP-lnduced 
destruction of the nigro-striatal dopamine system (Janson etal., Prog. Brain Res 
1989. 79:257; and Owman etal., Prog. Brain Res., 1989, 79567). Interestingly,' 
in contrast to the classical down-regulation of receptors typically seen with 
receptor agonists, chronic nicotine administration up-regulates (50-100%) the 
number of receptors without affecting affinity (Benwell etal.,J. Neurochem., 1988 
50:1243). This effect occurs both in humans and in smaller animals such as rats ' 
(Lapchack etal., J. Neurochem., 1989, 52:483). 

Existing cholinergic channel agonists, however, are therapeutically sub- 
optimal. This is due to unfavorable pharmacokinetics (e.g., with arecoline and 
nicotine), poor potency and lack of selectivity (e.g., with RS-86), poor CNS 
penetration (e.g., with carbachol) or poor oral bioavailability (e.g., with nicotine). 
RS-86, for example, has similar affinity for cholinergic receptors located in the 
heart and in cortical tissues and is a full agonist at cardiac receptors, whereas ft is 
only a partial agonist at cortical receptors (S.B. Freedman, British Journal of 
Pharmacology , 1986, 87: 29P). In addition, known agents have many unwanted 
central agonist actions, including hypothermia, hypolocomotion and tremor and 
peripheral side effects, including miosis, lacrimation. defecation and tachycardia 
(Benowitz etal., in: Nicotine Psvrh npharmarninny S . Wonnacott. M.A.H. 
Russell, & I.P. Stolerman, eds., Oxford University Press, Oxford, 1990, pp. 112- 
157; and M. Davidson, et al., in Current Resparch in AfrhAimor -rw Qp ' Y E 
Giacobini and R. Becker, ed.; Taylor & Francis: New York, 1988; pp 333-336). 

In addition to treating decline in cognitive ability by improving cholinergic 
function and cerebral blood flow, it is also desirable to symptomatically treat the 
other mental disorders accompanying the earlier stages of Alzheimer's disease 
Anxiolytics have been used to treat the severe agitation that most Alzheimer's 
patients experience with the initial loss of memory (INPHARMA, March 16 1991 



I 

« 

WO 94/08992 R PCT/US93/09662 

pg 20). In fact, the use of anxiolytics has become an important aspect of 
treatment strategies for Alzheimer's disease (Schmidt etal., Drug Dev. Res., 
1988, 74:251). Nicotine is known to have anxiolytic properties (Pomerleau etal, 
Addictive Behaviors, 1984, 9265) and, therefore, nicotine or selective nicotine 
agonists (i.e., activators) may be useful in the treatment of the anxiety associated 
with dementias, such as Alzheimer's disease. 

Other situations where beneficial therapeutic outcome may be achieved or 
improved through administration of nicotine or a cholinergic channel activator, 
because of the anxiolytic properties of these agents, include attentions deficit 
disorder and drug withdrawal. 

Attention-deficit disorder (ADD), with or without hyperactivity, is a 
behavioral disorder characterized by distractibility and impulsiveness. Children 
with this disorder are handicapped by their inability to concentrate and control 
their impulsivity, especially in settings requiring sustained attention, for example, 
in school. While a cure for this disorder has not been found, stimulants, such as 
pemoline, have been used successfully in management of the behavioral 
manifestations of ADD. Nicotine, because of its ability to improve concentration 
and task performance (FT. Etscorn, U.S. Patent 4,597,961, issued July 1, 1986; 
and D.M. Warburton and K. Wesnes in Smoking Behavior R.E. Thornton, ed., 
Churchill-Livingston, Edinburgh, 1978, pp. 19-43) is also potentially useful in 
treating ADD. 

Tobacco use, especially cigarette smoking, has long been recognized as 
a major factor leading to disease and death. Approximately 4,000 by-products of 
combustion, many of which are known carcinogens, have been found in cigarette 
smoke. Of the three most-studied constituents of cigarette smoke, two, tars and 
carbon monoxide, have been found to cause or exacerbate numerous life- 
threatening disorders. Tars are most often implicated in the induction of lung, 
larynx, oral cavity, esophageal and other cancers, and are also thought to be 
responsible for respiratory diseases, including pulmonary emphysema, chronic 
bronchitis and smokers' respiratory syndrome. Carbon monoxide, on the other 
hand, combines with hemoglobin in the blood thereby decreasing the ability of 
the blood to carry oxygen, and it has also been implicated as a causative agent in 
the development of coronary artery disease and arteriosclerosis. The third 
highly-studied, and the most pharmacologically-active substance, in tobacco 
products is nicotine, which is the reinforcing agent responsible for maintaining 
tobacco dependency and therefore exposing smokers to other threats of tobacco 

use (J.H. Jaffe in Nicotine Pharmacology: Molecular Cellular and Behavioral 
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Aspect? . S.Wonnacott, M.A.H. Russell and LP. Stolerman, eds., Oxford Science 
Publications, Oxford, 1 990, pp. 1 -37). 

The nicotine withdrawal syndrome associated with smoking cessation is 
characterized by craving for nicotine, irritability, frustration or anger, anxiety, 
difficulty concentrating, restlessness, decreased heart rate and increased 
appetite and weight gain. Nicotine has, not surprisingly, been found to ease the 
withdrawal experienced by those attempting to break tobacco dependencies. As 
early as 1942, Johnston reported (L Johnston, Lancet, 1942, 2:742) that 
injections of nicotine relieved the withdrawal symptoms experienced by cigarette 
smokers when they stopped smoking. More recently, in double-blind studies, 
nicotine was far superior to a placebo in suppressing or preventing the 
appearance of many of the signs and symptoms of withdrawal (J.R. Hughes etal., 
Psychopharmacology, 1984, 53:82-7; N.G. Schneider etal., Addictive Behavior, 
1984, 9:149-56; R.J. West et ai, Journal of Addiction, 1984, 79:215-9; K.O. 
Fagerstrom in Nicotine Replacement: a Criti cal Evaluation , o.F. Pomperieau and 
C.S. Pomperieau, eds., Alan R. Liss. Inc., New York, 1988, pp. 109-28, ; and J.E. 
Henningfield and D.R. Jasinski, ibid, pp.35-61). Irritability and impatience were 
shown to have been reduced in at least five independent controlled studies, while 
anxiety and difficulty concentrating were shown to have been reduced in at least 
two studies. Other smoking-wHhdrawal symptoms for which nicotine was shown 
to have been significantly more effective than a placebo in relieving the condition 
in at least one study include depression, hunger, somatic complaints, and 
sociability. Nicotine has also been found to be effective in reducing anger, 
irritability, frustration and feelings of tension, while increasing the ability to focus 
upon the completion of tasks, without causing general response depression, 
drowsiness or sedation (R.R. Hutchinson et ai, U.S. Patent 3,879,794, issued 
March 11, 1975). 

One approach to alleviating the symptoms of tobacco withdrawal has been 
to develop more efficient methods of delivering nicotine, itself, for example, in 
transdermal patches (FT. Etscorn, U.S. Patent 4,597,961, issued July 1, 1986). 
The major problem with this approach is the non-selective effects of nicotine and 
in particular, the stimulant effects of increasing cardiac workload and oxygen 
demand that nicotine has on the heart . A selective cholinergic channel activator 
would be expected to be equally efficacious in relieving withdrawal symptoms 
with fewer cardiovascular liabilities. 

Withdrawal from addictive substances in general, regardless of which 
particular agent is withdrawn, is a traumatic experience characterized by anxiety 
and frustration. These emotional disturbances contribute to failure in therapy 
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and, consequently, to a return to substance dependence. Although ameliorating 
these symptoms, including reducing anger, irritability, frustration and feelings of 
tension, does not eliminate the craving for the withdrawn drug, any agent 
improving the individual's ability to cope and to concentrate should vastly 
improve the chances of successfully completing withdrawal treatment. 

It has now been discovered that compounds according to this invention are 
selective and potent cholinergic channel activators or ligands useful in treating 
these problems. 

Various heterocyclic compounds with analgesic and hypotensive activities 
are encompassed by the generic disclosure of Scheffler etal. (U.S. Patent 
4,643,995), including a 2-pyrrolidine compound substituted with a 2- 
pyridineoxymethylene group, specifically, 



which is the 2-pyridyl analog of a 3-pyridyl compound of the instant invention. 
Tomioka etal. (Chem. Pharm. Bull., 1990, 3fi:2133-5) were the first to actually 
prepare this compound (CAS RN=1 30894-09-6), but they disclose a use of the 
compound only as a ligand for chiral hydroxylation reactions. 

Certain other 2-pyridyl compounds are disclosed inter alia by Engel et al. 
in U.S. Patent 4,946,836 as having analgesic activity and possessing the 
structure: 



wherein A is -CO-CHR3-NH 2 , in which R3 may be, among many other larger 
groups, hydrogen or a Ci-C 6 -alkyl group. However, compounds which differ by 
their 2-pyridine attachment as compared with the 3-pyridine attachment of the 





compounds of the present invention, namely, 
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, nave Kj's in binding assays of 504 nM and >1 000 nM, 
respectively, well below the binding of the 3-pyridine analog of the present 
invention. The positional isomers according to the present invention possess 
unexpected properties and utilities from both the compounds of Engel et al. and 
the other adjoining positional isomer, and are not disclosed or in any way 
suggested by the Engel et al. reference. 

Various other compounds having a pyrrolidine or azetidine substituted in 
the 3-position with a heterocycloxy group have been disclosed (cf. t U.S.Patents 
4,592,866 to A.D. Cale; 4,705,853 to A.D. Cale; 4,956,359 to Taylor et al.; and 
5,037,841 to Schoehe et al.). 

SUMMARY OF THE INVENTION 

The present invention is directed to novel heterocyclic ether compounds of 
the formula: 



V 



B 



R 2 

and pharmaceutically-acceptable salts or prodrugs thereof, wherein A, B and R2 
are specifically defined, to pharmaceutical compositions comprising a 
therapeutically-effective amount of these compounds and a pharmaceutically- 
acceptable carrier or diluent, as well as a method of treating cognitive, 
neurological and mental disorders characterized by decreased cholinergic 
function, such as, for example, attention-deficit disorder, dementias, and anxiety 
associated with cognitive impairment and substance abuse withdrawal. 

DETAILED D ESCRIPTION OF THE INIVFMTIOM 

The selective and potent novel heterocyclic ether compounds of the 
present invention, which are selective and potent ligands at cholinergic channel 
receptors, are alkyl compounds substituted at the 1 -position with a heteroaryloxy 
group and also substituted at the 1 -position with an azacycloalkyl or 
azabicycloalkyl group, wherein the attachment of the azacycloalkyl or 
azabicycloalkyl group to the alkyl center is at a position alpha to the nitrogen 
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atom of the azacycloalkyl or azabicycloalkyl group, and are represented by 
formula (I): 



Y 



B 



(0. 



wherein: 

A is selected from the group consisting of: 



(0 



R 3 . 



(CH^, 



R 



wherein n is 1 , 2, or 3; 

R 1 is H orCi-C6-alkyl; and 

R 3 is H, or when n is 2, 

is either mono-substituted at the 4-position and is 
O-W, wherein W is H. Ci-C3-alkyl, as defined below, 
CH 2 OH, CH2-0-methyl, Br, CI, or F, or is disubstituted at 
the 4- and 5-positions, wherein the 4-substituted R 3 is 
O-W, wherein W is as described above, and the 5- 
substituted R3 is CrC 3 -alkyl; 



(CH 2 ) : 




N 



, wherein m is 1 or 2 and R 1 is as defined above; 




(iii) , wherein p is 1 or 2; 
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(CH2) 



(IV) 




(CH 2 ) r 



wherein q and r are independently 0, 1 or 2, 
except that q and r may not concurrently 
be 0; and 



(CH2> 8 



(v) 




(CH 2 )t 



, wherein s and t are independently 0, 1 or 2, 
except that s and t may not concurrently be 0; 



R 2 is H or Ci-C6-alkyl; and 

B is selected from the group consisting of : 



0) 




2 




wherein R< is H or is mono-substituted at the 2-, 4-, 5- or 6- 
position with hydroxyl, CrC 3 -alkyl or C^Ca-alkoxy, as 
defined below; or is mono-substituted at the 4-, 5- or 6- 
position with Br, CI or F; 
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(Vii) 

with the provisos that when A is selected from option (iii), then B must be 
selected from options (ii) and (vi); or when B is selected from option (ii) with 
R 4 being 2-methyl, and A is selected from option (i), then R 1 must be H; 
or a pharmaceutically-acceptable salt or prodrug thereof. 




Preferred embodiments of the present invention are represented by 
compounds of formula (I), wherein 
A is 

R 3 | (CH 2 )„ 



I 

N 



, wherein n is 1 or 2, and R 1 and R3 are as 
defined above; 



(CHj), 




pi 

, wherein m and R1 are as defined above; or 
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(CH 2 ) 




(CH 2 ), 



, wherein s and t are as defined above; and 



Bis 




, wherein R 4 is as defined above, or 




; and 



R 1 and R 2 are H, or Ri is methyl and R2 is H; 
or a pharmaceutically-acceptable salt or prodrug thereof. 

More preferred embodiments of the present invention are represented by 
compounds of formula (I), wherein 



A is 



R 3 . 



(CH 2 ) n 



N 



\ 



Bis 



, wherein n is 1 or 2, R3 is H, and R1 and R 2 are 
H, or R1 is methyl and R 2 is H; and 




, wherein R 4 is as defined above; and 



or a pharmaceutically-acceptable salt or prodrug thereof 
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The following are representative of the novel compounds of the present 
invention: 

* 

3-(1-Methyl-2-(R)-pyrrolidinylmethyloxy)pyridine; 
3-(2-(R)-Pyrrolidinylmethyloxy)pyridine; 

2- (1-Methyl-2-(S)-pyrrolidinylmethyloxy)pyrazine; 

3- (1-Methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

2-(1 -Methyl-2-(R)-pyrrolidinylmethyloxy)-6-chloropyridazine; 
1 -(Methyl)-2-(S)-(1 -(3 , -pyridyloxy)ethyl)pyrrolidine; 
2-(2-(S)-Azetidinylmethyloxy)pyrazine; 

2- (1-Methyl-2-(S)-azetidinylmethyloxy)pyrazine; 

3- (2-(S)-Azetidinylmethyloxy)pyridine; 
3-(1-Methyl-2-(S)-azetidinylmethyloxy)pyridine; 
2-(1-Methyl-2-(S)-pyrroKdinylmethyloxy)thiazole; 

2- (1 -Methyl-2-(S)-pyrrolidinylmethyloxy)-6-chloropyrida2ine ; 
6-Chloro-3-(1-Methyl-2(S)-methyloxyazetidinyI)pyridazine; 

3- (2-(S)-Pyrrolidinylmethyloxy)pyridine; 

5-Chloro-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

5- Chloro-3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

2- Methyl-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

6- Methyl-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

6-Methyl-3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

4- Bromo-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

4-Bromo-3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

3- (1-Methyl-5-methyl-2-(S)>pyrrolidinylmethyloxy)pyridine; 
3-(frans-1-Methyl-4-hydroxy-2(S)-pyrrolidinylmethyloxy)pyridine; 
3-(frans-1,4-Dimethyl-2(S)-pyrrolidinylmethyloxy)pyridine; 

3-(/rans-1-Methyl-4-ethyl-2(S)-pyrrolidinylmethyloxy)pyridine; 

3- (1 -Methyl-2-pipecolinylmethyloxy)pyridine; 

4- Methyl-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

5- Bromo-3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

2- Methyl-3-(2-(S)-azetidinylmethyloxy)pyridine; 

3- (1-Methyl-2-(S)-pyrrolidinylmethyloxy)quinoline; 

4- (1-Methyl-2-(S)-pyrrolidinylmethyloxy)isoquinoline; 

6- Chloro-3-(1-(8-pyrrolizidinyl)methyloxy)pyridazine; 
3-( 1 -(8-Py rrolizidi ny I) met hy loxy) py razi ne ; 

2-(1 -(8-Pyrrolizidinyl)methyloxy)thiazole; 

(1R,4S)-3-(R)-(2-Thiazoloxymethyl)-N-methyl-2-azabicyclo[2.2.1]heptane; 
(1S,4R)-3-(S)-(2-Thiazoloxymethyl)-N-methyl-2-azabicyclo[2.2.1]heptane; 
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(1S,4R).3-(S)-(3-Pyridyloxymethyl)-N-methyl-2-a2abicyclo[2.2.1]heptane; 

(1R,4S)-3-(R)-(3-Pyridyloxymethyl)-N-methyl-2-a2abicyclot2.2.1lheptane; 
5-Chloro-3-(2-(R)-pyrrolidinylmethyloxy)pyridine; 

5- Chloro-3-(1-methyl-2-(R)-pyrrolidinylmethyloxy)pyridine; 

2- Methyl-3-(2-(R)-pyrrolidinylmethyloxy)pyridine; 

6- Methyl-3-(1-methyl-2-(R)-pyrrolidinylmethyloxy)pyridine; 
6-Methyl-3-(2-(R)-pyirolidinylmethyloxy)pyridine; 

3- (1-Ethyl-2(S)-pyrrolidinylmethyloxy)pyridine; 
5-Chloro-3-(2-(S)-azetidinylmethyloxy)pyridine; 

4- Methyl-3-(2-(S)-azetidinylmethyloxy)pyridine; 

2- Methyl-3-(2-(R)-azetidinylmethyloxy)pyridine; and 

3- (1 -Methyl-2-(R)-pipecolinylmethyloxy) pyridine; 
or a pharmaceutically-acceptable salt or prodaig thereof. 

The following are representative of the preferred novel compounds of the 
present invention: 

3-(1-Methyl-2-(R)-pyrrolidinylmethyloxy)pyridine; 
3-(2-(R)«Pyrrolidi nylmethyloxy)py ridine ; 

3-(1-Methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

1- (Methyl)-2-(S)-(1-(3'-pyridyloxy)ethyl)pyrrolidine; 
3-(2-(S)-Azetidinylmethyloxy)pyridine; 

3-(1-Methyl-2-(S)-azetidinylmethyloxy)pyridine; 

3- (2-(S)-Pyrrolidinylmethyloxy)pyridine; 

5- Chloro-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

5- Chloro-3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

2- Methyl-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

2- Methyl-3-(1-methyI-2-(S)-pyrrolidinylmethyloxy)pyridine; 

6- Methyl-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

6-Methyl-3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

4- Bromo-3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

3- (1-Methyl-5-methyl-2.(S)-pyrrolidinylmethyloxy)pyridine; 
3-(frans-1,4-Dimethyl-2(S)-pyrrolidinylmethyloxy)pyridine; 

3- (frans-1-Methyl-4-ethyl-2(S)-pyrrolidinylmethyloxy)py ridine; 

4- Methyl-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

5- Bromo-3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

2- Methyl-3-(2-(S)-azetidinylmethyloxy)pyridine; 

3- (1-Methyl-2-(S)-pyrrolidinylmethyloxy)quinoline; 
(1S,4R)-3-(S)-(3-Pyridyloxymethyl)-N-methyl-2-azabicyclo[2.2.1]heptane; 
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(1R.4S)-3-(R)-(3-Pyridyloxymethyl)-N-methyl-2-azabicyclo[2.2.1]heptane; 
5-Chloro-3-(2-(R)-pyrrolidinylmethyloxy)pyridine; 

5- Chloro-3-(1-methyl-2-(R)-pyrrolidinylmethyloxy)pyridine; 

6- Methyl-3-(1-methyl-2-(R)-pyrrolidinylmethyloxy)pyridine; 
6-Methyl-3-(2-(R)-pyrrolidinylmethyloxy)pyridine; 

3-(1 -Ethyl-2(S)-pyrrolidinylmethyloxy)pyridine; and 
5-Chloro-3-(2-(S)-azetidinylmethyloxy)pyridine; 
or a pharmaceutically-acceptable salt or prodrug thereof. 

The following are representative of the more preferred novel compounds of 
the present invention: 

3-(2-(R)-Pyrrolidinylmethyloxy)pyridine; 

3-(1-Methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 
3-(2-(S)-Azetidinylmethyloxy)pyridine; 

3-(1-Methyl-2-(S)-azetidinylmethyloxy)pyridine; 
3-(2-(S)-Pyrrolidinylmethyloxy)pyridine; 

5-Chloro-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

5- Chloro-3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

6- Methyl-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

6-Methyl-3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 
5-Bromo-3-(1 -methyl-2-(S)-pyrrolidinylmethyloxy)pyridine ; 
2-Methyl-3-(2-(S)-azetidinylmethyloxy)pyridine; 

5- Chloro-3-(2-(R)-pyrrolidinylmethyloxy)pyridine; 

6- Methyl-3-(2-(R)-pyrrolidinylmethyloxy)pyridine; and 
5-Chloro-3-(2-(S)-azetidinylmethyloxy)pyridine; 

or a pharmaceutically-acceptable salt or prodrug thereof. 

The present invention is also directed to pharmaceutical compositions 
comprising a therapeutically-effective amount of a compound of formula (I) and a 
pharmaceutically-acceptable carrier or diluent. 

In yet another aspect of the present invention is provided a method of 
treating cognitive, neurological and mental disorders, which are characterized by 
decreased cholinergic function in humans and lower mammals, by administration 
of a compound of formula (I). 

"d-03-alkyl" and "C r C 6 -alkyr refer to branched or straight-chain, 
unsubstituted alkyl groups comprising one-to-three or one-to-six carbon atoms, 
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including, but not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, sec- 
butyl or isobutyl, or additionally, for Ci-Ce-alkyl, neopentyl or n-hexyl and the like. 

"CrC 3 -alkoxyl" refers to branched or straight-chain, unsubstituted alkyl 
groups comprising one-to-three or one-to-six carbon atoms, including, but not 
limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, sec-butyl or isobutyl, 
attached to an oxygen linking atom. 

"Azacycloalkyl", as used herein, refers to a saturated monocyclic 
compound having one nitrogen atom and 3-to-5 carbon atoms in the ring, 
including azetidine, pyrrolidine and piperidine. 

"Azabicycloalkyl", as used herein, refers to a saturated bicyclic compound 
possessing one nitrogen atom common to both rings and also possessing 4-to-5 
carbon atoms atoms in each ring, including, but not limited to 1- 
azabicyclo[2.2.1]heptane, 2-azabicyclo[2.2.1]-heptane, and pyrrolidine. 

"Heteroaryloxy", as used herein, refers to aromatic compounds containing 
1 or 2 nitrogen atoms and optionally one additional oxygen or sulfur atom and 
from 3-to-9 carbon atoms, including, but not limited to pyridine, pyridazine, 
pyrazine, quinoline, isoquinoline, pyrimidine, and isothiazole. 

The term, "prodrug", refers to compounds that are rapidly transformed in 
vivo to yield the parent compounds of Formula (I), as for example, by hydrolysis in 
blood. T. Higuchi and V. Stella provide a thorough discussion of the prodrug 
concept in Prodrugs as Novel Denary Ry^c Vol. 14 of the A.C.S. Symposium 
Series, American Chemical Society (1975). Examples of esters useful as 
prodrugs for compounds containing carboxyl groups may be found on pages 14- 
21 of Bioreversible Carriers in Drug Desinn: Thp prv and Applirafinn edited by 
E.B. Roche, Pergamon Press (1987). 

The term, "prodrug ester group", refers to any of several ester-forming 
groups that are hydrolyzed under physiological conditions. Examples of prodrug 
ester groups include pivoyloxymethyl, acetoxymethyl, phthalidyl, indanyl and 
methoxymethyl, as well as other such groups known in the art. 

The term, "administration", of the cholinergic agent or composition, as used 
herein, refers to systemic use as when taken orally, parenterally, by inhalation 
spray, by nasal, rectal or buccal routes, or topically as ointments, pastes, creams, 
lotions, gels, powders, solutions, sprays, inhalants or transdermal patches in 
dosage form unit formulations containing conventional nontoxic pharmaceutical^ 
acceptable carriers, adjuvants and vehicles as desired 

The term "parenteral", as used herein, includes intravenous, intramuscular, 
intraperitoneal, intrasternal, subcutaneous and intraarticular injection as well as ' 
via infusion techniques. 
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By "pharmaceutically-acceptable", it is meant those salts, amides and 
esters which are, within the scope of sound medical judgement, suitable for use 
in contact with the tissues of humans and animals without undue toxicity, irritation, 
allergic response and the like, and are commensurate with a reasonable 
benefit/risk ratio, effective for their intended use in the treatment of psychological, 
neurological, cardiovascular and addictive behavior disorders. Pharmaceutically- 
acceptable salts are well known in the art. For example, S. M. Berge, et al. 
describe pharmaceutically-acceptable salts in detail in ^ Pharmaceutical 
Sciences, 66: 1-19, 1977. The salts may be prepared in situ during the final 
isolation and purification of the compounds of Formula (I), or separately by 
reacting the free base function with a suitable organic acid. Representative acid 
addition salts include hydrochloride, hydrobromide, sulfate, bisulfate, acetate, 
oxalate, valerate, oleate, palmitate, stearate, laurate, borate, benzoate, lactate, 
phosphate, toluenesulfonate, methanesulfonate, citrate, maleate, fumarate, 
succinate, tartrate, ascorbate, glucoheptonate, lactobionate, lauryl sulfate salts 
and the like. Representative alkali or alkaline earth metal salts include sodium, 
calcium, potassium, magnesium salts and the like. Examples of 
pharmaceutically-acceptable, nontoxic amides of the compounds of Formula I 
include amides derived from CrC 6 -alkyl carboxylic acids wherein the alkyl 
groups are straight- or branched-chain, aromatic carboxylic acids such as 
derivatives of benzoic acid and heterocyclic carboxylic acids, including furan-2- 
carboxylic acid or nicotinic acid. Amides of the compounds of Formula I may be 
prepared according to conventional methods and include amino acid and 
polypeptide derivatives of the amines of Formula I. 

As used herein, the term, "pharmaceutically-acceptable carriers", means a 
non-toxic, inert solid, semi-solid or liquid filler, diluent, encapsulating material or 
formulation auxiliary of any type. Some examples of the materials that may serve 
as pharmaceutically-acceptable carriers are sugars, such as lactose, glucose and 
sucrose; starches such as corn starch and potato starch; cellulose and its 
derivatives such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose 
acetate; powdered tragacanth; malt; gelatin; talc; excipients such as cocoa butter 
and suppository waxes; oils such as peanut oil, cottonseed oil, safflower oil, 
sesame oil, olive oil, corn oil and soybean oil; glycols, such as propylene glycol; 
polyols such as glycerin, sorbitol, mannitol and polyethylene glycol; esters such 
as ethyl oleate and ethyl laurate; agar; buffering agents such as magnesium 
hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic 
saline; Ringer's solution; ethyl alcohol and phosphate buffer solutions, as well as 
other non-toxic compatible substances used in pharmaceutical formulations. 
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Wetting agents, emulsifiers and lubricants such as sodium lauryl sulfate and 
magnesium stearate, as well as coloring agents, releasing agents, coating 
agents, sweetening, flavoring and perfuming agents, preservatives and 
antioxidants may also be present in the composition, according to the judgement 
of the formulator. Examples of pharmaceutically-acceptable antioxidants include 
water-soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium 
bisulfite, sodium metabisulfite, sodium sulfite, and the like; oil-soluble 
antioxidants, such as ascorbyl palmitate, butylated hydroxyanisole (BHA), 
butylated hydroxytoluene (BHT), lecithin, propyl gallate, alpha-tocopherol and the 
like; and the metal chelating agents such as citric acid, ethylenediamine 
tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid and the like. 

By a "therapeuticaHy-effective amount" of the cholinergic channel ligand 
agent, is meant a sufficient amount of the compound to treat cholinergically- 
related disorders at a reasonable benefit/risk ratio applicable to obtain a desired 
therapeutic response. It will be understood, however, that the total daily usage of 
the compounds and compositions of the present invention will be decided by the 
attending physician within the scope of sound medical judgement. The specific 
therapeutically effective dose level for any particular patient will depend upon a 
variety of factors including the disorder being treated and the severity of the 
disorder; activity of the specific compound employed; the specific composition 
employed; the age, body weight, general health, sex and diet of the patient; the 
time of administration, route of administration, and rate of excretion of the specific 
compound employed; the duration of the treatment; drugs used in combination or 
coincidentally with the specific compound employed; and like factors well known 
in the medical arts. Total daily dose of the compounds of this invention 
administered to a host in single or divided doses may be in amounts as 
determined by the attending physician, typically, for example, in amounts of from 
about 0.001 to 100 mg/kg body weight daily and preferably 0.01 to 10 mg/kg/day. 
Dosage unit compositions may contain such amounts of submultiples thereof to 
make up the daily dose. 

The present invention includes one or more of the compounds of formula 
(I) prepared and formulated with one or more non-toxic pharmaceutically- 
acceptable compositions, as described below. 

Compositions suitable for parenteral injection may comprise 
pharmaceutically-acceptable sterile aqueous or nonaqueous solutions, 
dispersions, suspensions or emulsions and sterile powders for reconstitute into 
sterile injectable solutions or dispersions. Examples of suitable aqueous and 
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nonaqueous carriers, diluents, solvents or vehicles include water, ethanol, 
polyols (propylene glycol, polyethylene glycol, glycerol, and the like), suitable 
mixtures thereof, vegetable oils (such as olive oil) and injectable organic esters 
such as ethyl oleate. Proper fluidity may be maintained, for example, by the use 
of a coating such as lecithin, by the maintenance of the required particle size in 
the case of dispersions, and by the use of surfactants. 

These compositions may also contain adjuvants such as preserving, 
wetting, emulsifying, and dispersing agents. Prevention of the action of 
microorganisms may be ensured by various antibacterial and antifungal agents, 
for example, parabens, chlorobutanol, phenol, sorbic acid, and the like. It may 
also be desirable to include isotonic agents, for example, sugars, sodium chloride 
and the like. Prolonged absorption of the injectable pharmaceutical form may be 
brought about by the use of agents delaying absorption, for example, aluminum 
monostearate and gelatin. 

If desired, and for more effective distribution, the compounds may be 
incorporated into slow-release or targeted-delivery systems, such as polymer 
matrices, liposomes, and microspheres. They may be sterilized, for example, by 
filtration through a bacteria-retaining filter, or by incorporating sterilizing agents in 
the form of sterile solid compositions, which may be dissolved in sterile water, or 
some other sterile injectable medium immediately before use. 

Solid dosage forms for oral administration may include capsules, tablets, 
pills, powders, and granules. In such solid dosage forms, the active compoundis 
admixed with at least one inert customary excipient (or carrier), such as sodium 
citrate or dicalcium phosphate, and additionally (a) fillers or extenders, as for 
example, starches, lactose, sucrose, glucose, mannitol and silicic acid; (b) 
binders, as for example, carboxymethylcellulose, alginates, gelatin, 
polyvinylpyrrolidone, sucrose and acacia; (c) humectants, as for example, 
glycerol; (d) disintegrating agents, as for example, agar-agar, calcium carbonate, 
potato or tapioca starch, alginic acid, certain complex silicates and sodium 
carbonate; (e) solution retarders, as for example paraffin; (f) absorption 
accelerators, as for example, quaternary ammonium compounds; (g) wetting 
agents, as for example, cetyl alcohol and glycerol monostearate; (h) adsorbents, 
as for example, kaolin and bentonite; and (i) lubricants, as for example, talc, 
calcium stearate, magnesium stearate. solid polyethylene glycols, sodium lauryl 
sulfate or mixtures thereof. In the case of capsules, tablets and pills, the dosage 
forms may also comprise buffering agents. 
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Solid compositions of a similar type may also be employed as fillers in soft 
and hard-filled gelatin capsules, using such excipients as lactose or milk sugar, 
as well as high molecular weight polyethylene glycols, and the like. 

Solid dosage forms such as tablets, dragees, capsules, pills and granules 
may be prepared with coatings and shells, such as enteric coatings and others 
well known in this art. They may contain pacifying agents, and may also be of 
such composition that they release the active compound or compounds in a 
certain part of the intestinal tract in a delayed manner. Examples of embedding 
compositions which may be used are polymeric substances and waxes. 

The active compounds may also be in micro-encapsulated form, if 
appropriate, with one or more of the above-mentioned excipients. 

Liquid dosage forms for oral administration include pharmaceutically- 
acceptable emulsions, solutions, suspensions, syrups and elixirs. In addition to 
the active compounds, the liquid dosage forms may contain inert diluents 
commonly used in the art, such as water or other solvents, solubilizing agents 
and emulsifiers. as for example, ethyl alcohol, isopropyl alcohol, ethyl carbonate, 
ethyl acetate, benzyl alcohol, benzyl benzoate. propylene glycol, 1 ,3-butylene 
glycol, dimethylformamide, oils, in particular, cottonseed oil, groundnut oil, corn 
germ oil, olive oil, castor oil and sesame oil, glycerol, tetrahydrofurfuryl alcohol, 
polyethylene glycols and fatty acid esters of sorbitan or mixtures of these 
substances, and the like. 

Besides such inert diluents, these liquid dosage forms may also include 
adjuvants, such as wetting agents, emulsifying and suspending agents, 
sweetening, flavoring and perfuming agents. 

Suspensions, in addition to the active compounds, may contain 
suspending agents, as for example, ethoxylated isostearyl alcohols, 
polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose, 
aluminum metahydroxide, bentonite. agar-agar and tragacanth, or mixtures of 
these substances, and the like. 

Compositions for rectal or vaginal administrations are preferably 
suppositories which can be prepared by mixing the compounds of this invention 
with suitable non-irritating excipients or carriers such as cocoa butter, 
polyethylene glycol or a suppository wax, which are solid at ordinary 
temperatures but liquid at body temperature and therefore, melt in the rectum or 
vaginal cavity and release the active component. 

Dosage forms for topical or transdermal administration of a compound of 
this invention further include ointments, pastes, creams, lotions, gels, powders, 
solutions, sprays, inhalants or transdermal patches. Transdermal administration 
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v.a a transdermal patch is a particularly effective and preferred dosage form of the 
present invention. The active component is admixed under sterile conditions with 
a pharmaceutically-acceptable carrier and any needed preservative, buffers or 
propellants as may be required. It is known that some agents may require special 
handling in the preparation of transdermal patch formulations. For example, 
compounds that are volatile in nature may require admixture with special 
formulating agents or with special packaging materials to assure proper dosage 
delivery. In addition, compounds which are very rapidly absorbed through the 
skin may require formulation with absorption-retarding agents or barriers. 
Ophthalmic formulations, eye ointments, powders and solutions are also 
contemplated as being within the scope of this invention. 

The present compounds may also be administered in the form of liposomes. 
As is known in the art, liposomes are generally derived from phospholipids or 
other lipid substances. Liposomes are formed by mono- or multi-lamellar 
hydrated liquid crystals that are dispersed in an aqueous medium. Any non-toxic 
physiologically-acceptable and metabolizable lipid capable of forming liposomes' 
may be used. The present compositions in liposome form may contain, in 
addition to the compounds of the present invention, stabilizers, preservatives 
excipients, and the like. The preferred lipids are the phospholipids and the ' 
phosphatidyl cholines (lecithins), both natural and synthetic. Methods to form 
liposomes are known in the art. See, for example, Prescott. Ed., Methods in p.»ii 
BtJte Volume XIV, Academic Press, New York, N. Y., (1 976), p 33 et seq. 

In order to reduce unwanted peripherally-mediated side-effects, it is 
advantageous, but not essential, to incorporate into the composition a 
peripherally-acting anti-cholinergic such as N-methylscopolamine, N- 
methylatropine, propantheline, methantheline, or glycopyrrolate. ' 

Compounds of the invention which have one or more asymmetric carbon 
atoms may exist as the optically-pure enantiomers, pure diastereomers, mixtures 
of enantiomers. mixtures of diastereomers, racemic mixtures of enantiomers, 
diastereomeric racemates or mixtures of diastereomeric racemates. It is to be 
understood that the present invention anticipates and includes within its scope 
all such isomers and mixtures thereof. The terms "R" and "S" used herein are 
configurations as defined in IUPAO 1Q74 Rp commanrtatinnc f M E 
Fundamental Stereochemistry Pure Appl. Chem. . 1976. 45: 13-30. 

The compounds of the present invention may be synthesized as shown in 
reaction schemes I and II presented below using the reactions and techniques 
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described in this section. The reactions are performed in a solvent appropriate to 
the reagents and materials employed are suitable for the transformation being 
effected. It is understood by those skilled in the art of organic synthesis that the 
functionality present on the heterocyclic ring and other portions of the molecule 
must be consistent with the chemical transformation proposed. This will, on 
occasion, necessitate judgment by the routineer as to the order of synthetic steps, 
protecting groups required, and deprotection conditions. Substituents on the 
starting materials may be incompatible with some of the reaction conditions 
required in some of the methods described, but alternative methods and 
substituents compatible with the reaction conditions will be readily apparent to 
skilled practitioners in the art. The use of nitrogen-protecting groups is well known 
in the art for protecting amino groups against undesirable reactions during a 
synthetic procedure and many such protecting groups are known, cf, for example, 
T.H. Greene, Protective Groups in Organic Svnthnsis John Wiley & Sons, New 
York (1981). 



SCHEMES 

In accordance with Scheme I, a 2-carboxyl-substituted azacycloalkyl 
compound (1), wherein the azacycloalkyl groups represents the A portion of the 
compound of formula (I) wherein A is selected from option (i), wherein n is as 
described above, R3 is H and wherein the Y is a d-C 3 -alkyl or a suitable 
protecting group, such as BOC or CBZ, for example, which may subsequently be 
removed and replaced with H or CrC 3 -alkyl, is converted to the hydroxymethyl 
compound of formula (2) with a suitable reducing agent, such as Red-AI®, 
boranefl-HF, borane/methyl sulfide or LiAIH 4 , for example. Compound (2) may 
be reacted with an appropriately substituted 3-hydroxypyridine (wherein R4 is as 
described above, or in the case wherein R4 is hydroxyl, R4 is protected with a 
suitable protecting group, which may be removed after the coupling reaction) in 
the presence of triphenylphosphine and DEAD as described by O. Mitsunobu 
(Synthesis, 1981 : 1 ) to form the pyridine compound of formula (3). This 
compound is then treated with a reagent suitable for removing the N-protecting 
group, such as trifluoroacetic acid, HCI in glacial acetic acid or HBr in acetic acid, 
for example, to form the unprotected compound (4). The ring nitrogen is then 
alkylated, with for example, treatment with alkyl halide in the presence of a base, 
formaldehyde in formic acid, or with an aldehyde and sodium cyanoborohydride, 
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in an alcohol solvent, such as methanol, ethanol or Isopropanol, to give the 
desired compound (5), wherein R1 is as described above, which is compound (I), 
wherein A is selected from option (i) and B is selected from option (ii). 



Scheme I 




Alternately, compound (2) may be oxidized using a suitable mild oxidizing 
agent such as DMSO/pyridine*SC>3, pyridium chlorochromate or DMSO/oxalyl 
chloride, for example, to afford the aldehyde (6). The aldehyde is then reacted 
with a suitable organometallic nucleophile, for example, a Grignard reagent, to 
afford the alcohol (7), wherein R2 j s as described above. The alcohol is then 
reacted as described above with a 3-hydroxypyridine and carried through the 
same series of reactions as described above, starting with compound (2) and 
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leading to compounds (3), (4) and (5), to give the compounds (8). (9) and (10), 
wherein R 1 is as described above. 



Scheme II 




In accordance with Scheme II, the compound (2) wherein Y is H or is a 
C^-alkyl or a suitable protecting group, such as BOC or CBZ, for example.is 
reacted with 3,6-dichloropyridazine, 2-chloropyrazine, 3-chloroquinoline, 5- 
chloroisoquinoline, bromothiazole or 5-bromopyrimidine, In the presence of a 
strong base, such as sodium hydride, or in the presence of K2CO3, CuBr and 
PPh 3 , in an inert solvent, such as THF, to afford compound (11), where B is 3-(6- 
chloropyridazinyl), 2-pyrazinyl, 3-quinolinyl, 2-thiazolyl, or 5-pyrimidinyl, 
respectively. Compound (1 1) is then carried through the same series of reactions 
as described in Scheme I above (starting with compound (3) and leading to 
compounds (4) and (5)) to give the compounds (12) and (13), wherein R1 is as 
described above. Alternately, compound (7) is reacted with one of the reagents 
as described for compound (2) above to give compound (14). Compound (14) is 
then carried through the same series of reactions as described in Scheme 1 
above (starting with compound (8) and leading to compounds (9) and (10)) to 
give the compounds (15) and (16), wherein R1 and R2 are as described above. 

In accordance with Scheme III, the amine compound (17), wherein R5 is 
Ci-C 3 -alkyl, a chiral auxiliary group (for example, (R)-l-phenylethyl, that is easily 
removed and replaced with H or the desired Ci-C3-alkyl group), or an N- 
protecting group (such as BOC or CBZ, which may be subsequently removed and 
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Scheme III 



O ^(CH2) m < CH * ) "' (CHaJn, (CH^ 

R«.NH 2 ♦ h\oOR« « liTr C0 ° R6 //V COOBe //V CH ^° H 





17 18 V V » R s 

20 21 22 



replaced with H or the desired CrC 3 -alkyl group), is reacted with an appropriate 
glyoxylic ester (18), wherein R6 may be CrCs-alkyl, in the presence of an 
appropriate C5-Q7-cycloalka-1 ,3-diene compound (19), to give the variously 
substituted unsaturated compound (20), wherein m is 1, 2 or 3, and R5 and R6 are 
as described immediately above. Compound (20) is then reduced with Hfe in the 
presence of a noble metal catalyst, such as Pt or Pd/C to give compound (21), 
wherein m is as described above. Compound (21) is then reacted with a suitable 
ester reducing agent, such as IJAIH4, UBH 4 . borane/THF or borane/methyl 
sulfide, for example, to afford the appropriately substituted alcohol compound 

(22) , wherein m is as described above. Compound (22) may be substituted for 
compound (2) and carried forward and reacted according to the alternate reaction 
pathways shown for compounds (2) or (7) in Schemes I and II to give the desired 
compound of formula (I), wherein A is selected from option (ii), as described 
above, and wherein B may be selected from options (i)-(vii), as described above. 

In accordance with Scheme IV are prepared suitable starting materials 
needed for the preparation of compounds of formula (I). In these, wherein A is 
selected from option (Hi), the starting material may also be represented by formula 
(I) wherein B is replaced by H. In the case wherein p is 2, this starting material 
compound may be prepared by the method of Langstrom (Chemica Scripta, 
5:170-178 (1974)), to prepare compound (30). In the case wherein p is 1, the 
desired material is prepared as follows. The commercially available compound 

(23) is protected with a t-butyldimethylsilyl group by reaction with t- 
butyldimethylsilyl chloride in the presence of imidazole to give compound (24). 
The amide nitrogen atom of (24) is protected by reaction with a suitable protecting 
agent, such as sodium hydride and di-f-butyldicarbonate, for example, to give 
compound (25). This compound is then reacted with LDA followed by 
bromoacetic ester to prepare compound (26). The ester and the lactam carbonyl 
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are reduced with suitable reducing agents, such as borane, and the resulting 
alcohol is immediately reacted with methanesulfonyl chloride chloride in the 
presence of triethylamine to give the compound (27). The internal ring closure to 
give compound (28) is accomplished by reacting compound (27) with 
trimethylsilyl iodide followed by treatment with a base. Removal of the t- 
butyldimethylsilyl protecting group gives the desired compound (29). 
Compounds (29) and (30) may be substituted for compound (2) and carried 
forward and reacted according to the alternate reaction pathways shown for 
compounds (2) or (7) in Schemes I and II to give the desired compound of 
formula (I), wherein A is selected from option (iii), as described above, and 
wherein B may be selected from options (i)-(vii), as described above. 

In accordance with Scheme V, wherein a 2-carboxyl-substituted cyclic- 
amine compound (31 ), wherein q is 0, 1 or 2, as described above, which is 
protected at the ring nitrogen with a suitable protecting group, Y, such as BOC or 
CBZ, for example, is converted to the aldehyde compound (32). To prepare 
compound (33), wherein q is as described above and r is 0, 1 or 2, alternate but 
similar methods are utilized. For the case wherein r is 0, compound (32) is 
reacted with the ylide reagent (A), in a suitable nonpolar solvent and under an 
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inert gas atmosphere, followed by reaction of the intermediate with Hg++ ion 
under aqueous, alkaline conditions. In the case wherein r is 1 , compound (32) is 
reacted with the ylid reagent (B), followed by catalytic reduction with H 2 over a 

Scheme V 
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noble metal catalyst, such as Pd/C. In the case wherein r is 2, compound (32) is 
reacted first with the ylide reagent (A), followed by reduction with reaction of the 
intermediate with Hg++ ion, as described above, then reacting the intermediate 
product next with the ylide reagent (B), followed by catalytic reduction with H 2 as 
described above. The compound (33), wherein q and r are as desired is thus 
formed and reacted with vinyl magnesium bromide Grignard 
reagent, followed by mesyl chloride in the presence of triethylamine to give the 
desired compound (34). Compound (34) is subjected to treatment with 
trifluoroacetic acid, for example, to remove the N-protecting group, and then with 
a strong base to cyclize and produce compound (35), where q and r are 
independently as desired, except that both q and r may not concurrently be 0. 
The desired alcohol compound (36) is then produced by reacting compound (35) 
with OsC-4 and NalO* followed by reduction of the intermediate aldehyde product 
with a suitable reducing agent, such as NaBfy. Compound (34) may be 
substituted for compound (2) and carried forward and reacted according to the 
alternate reaction pathways shown for compounds (2) or (7) in Schemes I and II 
to give the desired compound of formula (I), wherein A is selected from option (iii), 
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Scheme VI 
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In accordance with Scheme VI, it is possible to prepare the precursors of 
compounds of formula (I), wherein A is selected from option (v). The compound 

(37) , wherein s is 0, 1, or 2, as desired, R* is a suitable Ci-Cs-alkyl group, and Y 
is an N-protecting group, such as CBZ, is reacted with LDA, followed by either 3- 
bromo-1-propene or 4-bromo-1-butene, to give compound (38), wherein t is 1 or 
2, respectively. In the instance wherein it is desired that t be 1 or 2, compound 

(38) is reacted with BH 3 followed by oxidation with H 2 0 2 to give the alcohol 
compound (39). In the alternate instance wherein it is desired that t be 0, 
compound (38) is first oxidized with Nal0 4 and Os0 4 , followed by reduction with 
NaBH 4 . to give the compound (39) wherein t is 0. The alcohol (39), wherein t is 0, 
1, or 2, is then reacted with methanesulfonyl chloride in a non-polar solvent and 
presence of a base, such as triethylamine, to give compound (40). By removal of 
protecting group Y from (40) under standard conditions, followed by treatment 
with base, such as K2CO3 or triethylamine, the ring closure is accomplished to 
afford compound (41). Reduction of the ester function of compound (41) with 
UAIH4, for example, prepares the compound (42), wherein s and t are 
independently as described, except that both s and t may not concurrently be 0. 
Compound (42) may be substituted for compound (2) and carried forward and 
reacted according to the alternate reaction pathways shown for compounds (2) or 
(7) in Schemes I and II to give the desired compound of formula (I), wherein A is 
selected from option (iii), as described above, and wherein B may be selected 
from options (i)-(vii), as described above. 
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In accordance with Scheme VII, wherein is described the preparation of 
precursors of the "B" portion of the compounds of formula (I), wherein B is 
selected from option (ii) wherein R* is 4-substituted Ci-C3-alkyl or Hal group, as 
defined above, the 3-hydroxypyridine is protected by reaction with 
dimethylaminocarbonyl chloride to give the compound (44). It is possible to place 
the Hal substitutent on compound (44) by reaction with sec-BuLi followed by 
reagents represented by the formula Hal-Z, wherein Z is a leaving group, such as 
1 ,2-dibromoethane, N-halosuccinimide, or molecular halogen, for example, to 
give compound (45). By removing the protecting group from compound (45) with 
a reagent such as sodium methoxide, for example, the desired compound (46) is 
produced. Alternately, where It is desired to place an alkyl substituent upon the 
ring, compound (44) is reacted with sec-BuLi followed by and alkyl halide, such 
as alkyl bromide or alkyl iodide, for example, to give compound (47), which is 
then deprotected with a reagent such as sodium methoxide, for example, to give 
the desired compound (48). 
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.OH 




(I) 



49 



In accordance with Scheme VIII, wherein it is desired to produce 
compounds of formula (I), wherein A is selected from option (v), as described 
above, the starting material compound (49) (prepared according to S. Miyano et 
al., J. Heterocyclic Chem., 24:47 (1987)) is substituted for compound (2) and 
carried forward and reacted according to the alternate reaction pathways shown 
for compounds (2) or (7) in Schemes I and II to give the desired compound of 
formula (I), wherein A is selected from option (v), as described above, and 
wherein B may be selected from options (i)-(vii), as described above.' 
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In accordance with Scheme IX. the compound (23) may be reacted 
according to the alternate reaction pathways shown for compounds (2) or (7) in 
Schemes I and II to give the desired compound (50). The N-alkyl group, wherein 
the alkyl group is CrCe-alkyl, is added to compound (50) by reaction with NaH 
and the appropriate alkyl iodide in anhydrous THF to give compound (51 ). 
Compound (51) is treated with LDA and E-X, wherein X is a leaving group and E 
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is the appropriate precursor group of R3, as defined above, (except in the case 
wherein R3 is prCs-alkoxy, in which case the first reaction produces an alcohol 
which is then reacted under standard Williamson ether synthesis conditions to 
give the ether), such as an oxaziridine, formaldehyde, a halomethyl ether. N-halo- 
suca'nimide, or molecular halogen, for example, to give the substituted 
compound (52), wherein R3 is as described above, which by reducing with BH 3 
followed by treatment with CsF gives the desired compound (53). 

Scheme X 



^ 51 ^53 
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In accordance with Scheme X are synthesized the compounds of formula 
(I), wherein A is selected from option (i), wherein R3 therein represents the 
appropriate 5-substituent group, wherein R3 is as described above, compound 
(51) is reacted with an C^Cs-alky! Grignard reagent followed by NaBH 3 CN to 
give the compound (53). When compound (52) is reacted with a d-03-alkyl 
Grignard reagent followed by NaBH 3 CN, the compound (54) is prepared, 
wherein R3 is as described above, and may be two substituent groups. 



IN VITRO PFTFRMINATION OF NE1IROMAI mip. qtinio rfpfi 
POTENHIFS AND SFI FP.TIVIJY 



For the purpose of identifying compounds as cholinergic agents which are 
capabl of interacting with cholinergic channel receptors in the brain, a ligand- 
receptor binding assay was carried out as the initial screen. Compounds of the 
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present Invention w re ffectiv at interacting with neuronal nicotinic cholinergic 
receptors as assayed for their ability (compared to (-)-nicotine) to displace 
radioligand from neuronal nicotinic cholinergic channel receptors labeled with 
pH]-cytlslne (pH]-CYT). The functional nature of this ligand-receptor Interaction 
was determined by measuring the ability of the novel ligand to activate 
cholinergic channel receptors in PC12 cells 

The ability of the compounds of the invention to interact with cholinergic 
channel receptors can be demonstrated in vitro using the following protocols. 

A. Protocols Fn r p ft |o| 
Binding Pot encies of Lioanri«t 

Binding of pH]-cytisine (pHJ-CYT) to nicotinic receptors was accomplished 
using crude synaptic membrane preparations from whole rat brain (Pabreza et 
a/., Molecular Pharmacol. , 1990, 29_:9). Washed membranes were stored at - 
80°C prior to use. Frozen aliquots were slowly thawed and resuspended In 20 
volumes of buffer (containing: 120 mM NaCI, 5 mM KCI, 2 mM MgCI 2 . 2 mM 
CaCI 2 and 50 mMTris-CI, pH 7.4 @4°C). After centrifuging at 20.000x g for 15 
minutes, the pellets were resuspended in 30 volumes of buffer. Homogenate 
(containing 125-150 ug protein) was added to triplicate tubes containing 
concentrations of test compound and pH]-CYT (1.25 nM) in a final volume of 500 
uL. Samples were incubated for 60 minutes at 4»C, then rapidly filtered through 
Whatman GF/B filters presoaked in 0.5% polyethylimine using 3 x 4 mL of ice- 
cold buffer. The filters are counted in 4 mL of Ecolume® (ICN). Nonspecific 
binding was determined in the presence of 10 uM (-)-nicotine and values were 
expressed as a percentage of total binding. IC 50 values were determined with 
the RS-1 (BBN) nonlinear least squares curve-fitting program and ICr, values 
were converted to Ki values using the Cheng and Prusoff correction 
(Ki=IC 50 /(1+[ligand]/Kd of ligand). Alternately, data were expressed as a 
percentage of the total specific binding. The results (shown in Table 1) suggest 
that the compounds of the present invention have high affinity for the neuronal 
nicotinic cholinergic channel receptor. 

B. Protocols for the Determination of Cholii 
Cells. 

The cholinergic channel activator properties of Example 9 were 
investigated in PC12 cells using the whole-cell patch-clamp approach to 
measure current flow through ligand-gated membrane channels. The 
electrophysiological approach demonstrates clear agonist activity of the activator, 
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and indicates that this is due to direct activation of cholinergic ligand-gated 
channels. 

Table 1 . Binding to Neuronal Nic otinic Raptors 
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PC12 cells are a rat pheochromocytoma cell line that, upon treatment with 
nerve growth factor (NGF) differentiate into a neuronal phenotype and express 
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nicotinic cholin rgic channels (Greene & Tischler, Proceedings of the National 
Academy of Sciences of the United States of America, Z2: 2424-2428, 1976; 
"Dichter etal., Nature, ggfi: 501-504, 1977). Prominent neuronal cholinergic 
channel subunits in these cells are ct3, ct5, p2, p3 and 04 (Rogers etal.. Journal of 
Neurosdence, J£: 461 1-4623. 1992). Thus, PC12 cells can be used to directly 
evaluate the ability of substances to activate or inhibit certain subtypes of 
neuronal nicotinic cholinergic channels. 

PC12 cells were obtained initially from ATCC and, using standard 
techniques were maintained in DMEM containing 10% heat-inactivated fetal calf 
serum and 5% heat-inactivated horse serum (37*C, 95% 02 & 5% C02). 
Electrophysiologic recordings were obtained from differentiated (neurite-bearing) 
cells after 4-7 days exposure to NGF. For this purpose, the undifferentiated cells 
were first plated onto 

polylysine-coated 12 mm round glass coverslips in 60x15 mm plastic Petri 
dishes. After 20 minutes, differentiating medium was added (DMEM containing 
100 ng/ml nerve growth factor, 5% heat-inactivated fetal calf serum and 2.5% 
heat-inactivated horse serum) and the cells were refed with this medium every 3 
days. 

The whole-cell patch-clamp technique was used to record voltage- 
activated currents and ligand-gated currents activated by substances applied 
through the U-tube flow-reversal technique (Fenwick etal.. The Journal of 
Physiology (London) 221: 577-597, 1982). A coverslip bearing the cells was 
transferred from culture dish to the recording chamber (350 uL volume) and 
superfused (1 ml/min) at room temperature with an extracellular solution 
containing 150 mM NaCI, 2.8 mM KCI, 2.0 mM CaCI 2 , 1.0 mM MgCI 2> > 
10 mM dextrose and 10 mM Na-HEPES buffer (7.3 pH, 325 mOsm). The 
intracellular (recording pipette) solution consisted of 140 mM KCI, 1.0 mM 
CaCI 2 , 2.0 mM MgCI 2 , 11 mM K-EGTA, and 10 mM K-HEPES buffer (7.3 pH, 
315 mOsm). Osmolarities were adjusted using dextrose such that the 
extracellular solution was 10 mOsm hypertonic compared to the intracellular 
solution. Voltage-gated inward (sodium) and outward (potassium) currents were 
monitored throughout the experiment to determine establishment and 
maintenance of the whole-cell recording configuration. 

After establishing the recording, cells were kept at a holding potential of - 
60 mV and cholinergic channel ligands dissolved in bathing solution were 
applied to the cells through computer-controlled U-tube flow reversal for a period 
of 5 seconds during which typical nicotinic desensitization was observed. The 
ligand was applied at least twice at each concentration in every cell, and 
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applications were separated by £ 3 minutes to allow for recovery from 
desensitization, washout of the bathing solution, and re-equilibration of the U- 
tube. Antagonists were applied to the bathing solution through superfusion for 5- 
10 minutes prior to application of both antagonist and agonist through the U-tube 
flow reversal. 



Results 

Example 9 elicited responses very similar to those of (-)-nicotine in PC12 
cells (see Table 2). Mecamylamlne (10 uM) inhibited the responses to 
Example 9 (10 \iM) by * 80% (n=4), indicating that the response was mediated 
by cholinergic channel receptors. Example 9 appeared more potent and/or 
efficacious than (-)-nicotine, because the response to 10 uM mecamylamlne was 
larger than the response to 50 u.M (-)-nicotine ((-)-nicotine EC50 = 52 uM). In five 
cells, the peak current responses to 10 uM Example 9 ranged between 165 and 
702 pA, while the responses to 50 uM (-)-nicotine ranged between 81 and 539 
pA. Overall, the response to 10 uM Example 9 was 168 ± 12 % of the response 
to 50 u.M (-)-nicotine in the same cell (mean ± S.E.M., n=5). These data 
demonstrate the utility of Example 9 to potently activate cholinergic channels. 
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MEAN ± S.E.M. 



361 ± 103 



235 ±84 



168 ±12 



IN VIVO STUDIES DEM 




A. Inhibitory Avoidance Studies 

The inhibitory (or sometimes called passive) avoidance (IA) test is a well 
accepted animal model of learning/memory used to assess the activity of novel 
cholinergic agonists to enhance cognitive function (Wanibuchi etal., Eur. J. 
Pharmacol., 1990, 757:479). Animals are placed in the illuminated (12 X 14 X 
1 1 cm) portion of a two-chambered box, from which they enter through a 
guillotine door to the larger (24 X 13.5 X 12 cm) dark compartment of the box. 
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Entry to the dark compartment is accompanied by a mild (0.5 mA), brief (2 
seconds) foofshock. Initial latencies to cross are recorded, with an imposed 60 
second ceiling. Following a 72 hour retention interval, animals are returned to 
the illuminated chamber, and latency to return to the dark compartment is again 
recorded, with a ceiling of 180 seconds. No footshock is administered on the test 
day. 

Animals received systemic injections of (-)nicotine, the test compound 
(0.06-6.2 pmol/kg, IP) or saline (control) 15 minutes before training in the 
inhibitory avoidance task, and retention was evaluated 24 hours later. Twelve 
animals were used in each group. (-)-Nicotine induced a dose-dependent 
facilitation of retention of the avoidance response at 0.62 umol/kg (p<0.05). The 
results of the experimental compounds upon the retention of the avoidance 
response are given in Table 3. 

:levated Pltis-tyi^ , 

The mouse elevated plus-maze is a conflict test that probes anxiolytic 
activity of test compounds (Lister, Psychopharmacology, 1987, 92:180). It is 
based on the fact that exposure of mice to an elevated open arm leads to an 
avoidance response considerably stronger than that evoked by exposure to an 
enclosed arm. 

The apparatus required to perform this test is made of plywood and 
consists of two open arms (17X8 cm) and two enclosed arms (17 X 8 X 15 cm) 
extending from a central platform (8X8 cm). It is mounted on a plywood base 
rising 39 cm above the floor. Mice are released on the central platform and the 
time spent in the open and enclosed arms is recorded during a 5 minute test 
period. The test compounds were administered to CD1 mice 15 minutes before 
the test. (-)Nicotine (0.62 and 1.9 umol/kg, p<0.05) induced a significant increase 
in the time spent by the mice in the open arms of the maze (a measure of 
anxiolytic effect) as compared to saline-injected mice. The results of the 
experimental compounds upon the the time spent by the mice in the open arms of 
the maze is also given in Table 3. The data in Table 3 demonstrate the utility of 
these compounds in enhancing cognitive performance or as anxiolytic agents. 
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Table 3 , Results* nf In Vivn Teste f ffr InhltTftTTry 



(-)-nicotine 
3 
4 
7 
8 
9 
10 
12 
14 
15 
16 
17 
18 
19 
22 
29 
34 




IA fumol/kpl 



significant [0.19-0.621 

NE [0.062-1.9] 
significant [0.019] 
marginal 
NE [0.062- 1.9] 
NE [0.0019-0.062] 
marginal [0.62] 
NE [0.062-15] 
NE [0.019-0.62] 
significantly inhibits [0.062] 
significant [0.019] 
significant [0.062, 0.62, 1.9] 
NE [0.019-0.62] 
NE [0.019-0.62] 
NE [0.062-1.9] 
significantly inhibits [19] 



EPM fnmnl/k 



significant [0.62- 1.9] 
NE [0.019-0.62] 
NE [0.019-0.62] 
NE [0.019-0.62] 
NE [0.062- 1.9] 
significant [0.0062] 
significant [0.19] 
NE [0.019- 1.9] 
marginal [0.019] 
significant [0.062-0.19] 
NE [0.019-0.62] 
significant [1.9] 
significant [0.062-0.19] 
NE [0.019-.62] 
NE [0.062-1.9] 
significant [0.62, 1.9] 
marginal [0.62] 



* 2? u 5 » e W^SS ***** °* i"$>vement in performance'* mTctose^nQe tested 
NT = Not tested. NE = No effect or no improvement at the dose rangVtested 



The following examples, which are provided for Illustration and not 
limitation of the invention, will serve to further illustrate preparation of the novel 
compounds of the invention and their biological activity. Thin-layer 
chromatography (TIC) was performed on 0.25 mm E. Merck precoated silica gel 
plates (60 F-254). Flash chromatography was performed on 200-400 mesh silica 
gel (E. Merck), while column chromatography was performed on 70-230 mesh 
silica gel (E. Merck). 

The following abbreviations are used: THF for tetrahydrofuran, DMF for N 
N-dimethylformamide, D 2 0 for deuterium oxide, CDCI 3 for deuterochloroform 
DMSO-d 6 for deuterodimethylsulfoxide, BOC for t-butyloxycarbonyl, CBZ for 
benzyloxycarbonyl, Bz for benzyl, Ms for methanesulfonyl, PAW for 
pyridine/acetic acid/water (20:6:11), DCC for dicyclohexylcarbodiimide, DIBAL for 
diisobutylaluminum hydride, DIEA for diisopropylethyiamine, DPPA for 
diphenylphosphoroazidate, EDCI for 1 -(3-dimethyl-aminopropyl)-3- 
ethylcarbodiimide hydrochloride, EtOH for ethanol, IBCF for isobutyl 
chloroformate, HOAc for acetic acid, HOBT for 1 -hydroxybenzotriazole LAH for 
lithium aluminum hydride, NH4OAC for ammonium acetate. NMM for N- 
methylmorpholine, TEA for triethylamine. 
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1 * 3-M-Mflthvl.P-fR^pvrroliriinvlmot hvlo^ pyriHi^ 

To a solution of triphenylphosphine (509 mg, 1.94 mmol) in 10 mL of 
tetrahydrofuran at room temperature was added diethyl azodicarboxylate (DEAD) 
(0.35 mL, 1.94 mmol) dropwise with stirring. After stirring at room temperature for 
30 minutes, (RM-methyl-2-pyrrolidinemethanol (Aldrich Chemical Co., 150 mg 
1.30 mmol) and 3-hydroxypyridine (Aldrich Chemical Co., 185 mg, 1.94 mmol) ' 
were added to the reaction mixture. The resultant solution was then allowed to stir 
at room temperature overnight. After all of the starting material was consumed 
the organic solvent was evaporated in vacuo. The residue was purified by column 
silica gel chromatography eluting with chloroform:methanol (10: 1) to provide 76 
mg (21% yield) of the title compound. MS (DCI/NH3) m/e 193 (M+H)+ 1h NMR 
(CDCI3, 300 MHz) 5: 8.32 (t. J= 1.5 Hz, 1H), 8.22 (t, J= 3 Hz, 1H) 7.24-7.2 (m 
2H). 4.14-4.05 (dd. J= 9, 6 Hz, 1 H), 4.00-3.93 (dd. J= 9. 6 Hz, 1H), 3.24-3 14 (m 
1H). 2.81-2.7 (m, 1H), 2.54 (s, 3H). 2.44-2.31 (m. 1H), 2.14- 2.00 (m, 1H), 1.96- ' 
1 .71 (m, 3H). 

.10. 3-f1-Mflthvl-2.fR\-nvrml.rtin Y | met h V iny V \ p yri dine hvrtrnrhl ? ri, 

The product from Example 1a (76 mg, 0.4 mmol) was dissolved in ethanol 
Hydrochloric acid in diethyl ether was added dropwise to a stimng solution of 
base at ambient temperature. The resultant white precipitate was then collected 
by evaporation of solvent and triturated with three portions of diethyl ether The 
hygroscopic solid was obtained in 50% yield (53 mg). [ a ]25 D= +6 54 0 (c=1 
MeOH). MS (DCI/NH3) m/e 1 93 (M + H)+. 1 H NMR (D 2 0, 300 MHz) 8: 8 43 (br s 
1 H), 8.33 (d, J= 5.6 Hz, 1 H), 7.88-7.82 (m, 1 H), 7.72 (dd, J= 8.50, 5.1 5 Hz 1 H) ' 
4.59 (dd J=1 1, 3 Hz, 1H), 4.42 (dd. J= 1 1.4. 6.2 Hz. 1H). 4.17-4.25 (m, 1H). 4.05- 

2 26 2 06 l 3 f ff ( , m '. 1H) ', 3 f' 3 - 22 (m ' 1H) « 304 (S ' 3H >' 2 ' 42 - 2 ^ (m. 1H). 
2.26-2.06 (m, 3H). Analysis calculated for CnHi 6 N 2 O.HCK).2 H20: C. 49 15- H 

6.90; N, 10.42; Found: C, 48.90; H, 7.17; N, 10.89. 



Example 9 
3-fc-(m-Dvrrolidinvlmefr Y lrw 




2a- 3-(1-t-hutoxvcarbonvl.9. (R^. DV r m iiri,nyf me th v lny Y , m « in « 

To a solution of triphenylphosphine (1.24g, 4.74 mmol) in 20 mL of 
tetrahydrofuran at room temperature was added diethyl azodicarboxylate 
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(0.746 mL, 4.74 mmol) dropwise with stirring. After stirring at room temperature for 
30 minutes, (R)-1-t-butoxycarijonyl-2-pyrrolidinemethanol (350 mg, 3.16 mmol) 
and 3-hydroxypyridine (450 mg, 4.74 mmol) were added to the reaction mixture. 
The resultant solution was then allowed to stir at room temperature overnight. 
After all of the starting material was consumed, the organic solvent was 
evaporated in vacuo. The residue was purified by silica gel column 
chromatography. Elutlon with chloroform methanol (10:1) provided 518 mg of 
the title compound along with substantial amount of reduced DEAD reagent MS 
(DCI/NH3) m/e 279 (M+H)+ 

2b. a-fg-mUpyrrnfj^n vlmethvloyv^yri^^^ 

To a solution of the product of Example 2a in 2 mL of methylene chloride 
solution was added 2 mL of trifluoroacetic acid. The resultant solution was 
allowed to stir at room temperature for 2.5 hour. Evaporation of both solvent and 
trifluoroacetic acid gave a brown oil which was basified with saturated ammonium 
hydroxide solution. This oil was purified by silica gel column chromatography. 
Elution with a mixture of chloroformrmethanol: ammonium hydroxide (10:1 :0.1) 
provided the desired product . MS (DCI/NH3) rn/e 179 (M+H)+ 1H NMR (D 2 0 
300 MHz) 6: 8.33 (br s, 1 H), 8.22 (m, 1 H), 7.22(m. 2H), 3.82-4.03 (m, 2H). 3.50- 
3.61 (m, 1H), 2.92-3 4 10(m. 2H), 1.70-2.10 (m, 4H), 1.51-1.66 (m, 1H). 
2c, 3-f2-fRWDvrroliriinvlmftthvlQw\nyrirli ne hvdror>hlnrfrta 

The product from Example 2b (76 mg. 0.4 mmol) was dissolved in ethanol. 
Hydrochloric acid in diethyl ether was added dropwise to a stirring solution of 
base at ambient temperature. The resultant white precipitate was then collected 
by evaporation of solvent and triturated with three portions of diethyl ether The 
hygroscopic solid was obtained in 50% yield (53 mg). MS (DCI/NH3) m/e 179 
(M+H)+ 1H NMR (D 2 0, 300 MHz) 6: 8.43 (br s. 1H), 8.34 (br s 1H), 7.85(dd, 
J=8.80, 2.90 Hz. 1 H), 7.72 (dd, J= 8.80. 5.1 5 Hz. 1 H). 4.54 (dd. J-11 , 3.3 Hz 1 H) 
4.32 (dd. J= 10.6. 3.3 Hz. 1H). 4.10-4.19 (m. 1H). 3.42 (t. J= 7.5 Hz. 1H), 2.27-2 35 
(m, 1H), 2.06-2.21 (m, 2H), 1.90-2.02 (m. 1H). Analysis calculated for 
C10H14N2O2.4 HCI: C, 45.20; H, 6.22; N, 10.54; Found: C, 45.12; H, 6 00' N 
10.33. 




2-(1-Methvl-2-(SVDvrmliriin Y i m ethvlQxvyvr fl zine fumarate 



fS)-Dvrrolirii 



(S)-(-)-1-Methyl-2-pyrrolidinemethanol (Aldrich Chemical Co.. 0.5 g. 4.34 
mmol) was dissolved in anhydrous THF and brought to 0°C. NaH ((80% 
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dispersion in mineral oil), 131 g, 4.56 mmol) was added and the reaction mixture 
was allowed to warm to room temperature with stirring. Aft r 30 minutes 2- 
chloropyrazine (.497 g, 4.34 mmol) was added via syringe: The mixture was 

SS*^ M Ur !' ^ S ° IVent th6n 6Vap0rated in vacuo and the "««ure 
diluted with chloroform, washed with saturated NaHC0 3 and a brine solution 

The organic layer was then dried over MgS0 4 . The resulting crude material was 

punfied by flash chromatography (10% MeOH/CHCI 3 ) to give .81g (97% yield) of 

ioVIm u,TT nd 38 a " TLC Rf= °' 3 ( 10% ^OH/CHCI 3 ). MS (DCI/NH3) m/e 
194 (M + H)+ 1H NMR (CDCI3, 300 MHz) 6: 8.24 (d, J=1.5 Hz, 1H), 8.11 (d J=3 

Hz, 1 H), 8.07 (dd, J=3, 1 .5 Hz, 1 H), 4.36 (dd. J=9, 6 Hz, 1 H), 4.28 (dd, J=9 ' 6 Hz 
1H) 3.16-3.08 (m. 1H). 2.7-2.58 (m. 1H), 2.47 (s, 3H). 2.34-2.24 (m. 1H), 2.08- ' 
1.93 (m.1H), 1.91-1.67 (m.3H). ' 

The product of Example 3a was dissolved in anhydrous MeOH and 
brought to 0°C with stirring. Fumaric acid was dissolved in MeOH with 
sonication and added dropwise to the base. The mixture was warmed to room 
temperature with stirring, After 30 minutes the solvent was evaporated in vacuo 
and the remaining solid was triturated with anhydrous diethyl ether. The resulting 

^t 80 *!* ™ VaCUUm filtered 10 yie,d - 117 9 < 50% y |eld > °< Product. m.p.= 116- 
118 C. MS (DC./NH3) m/e 194 (M+H) + . 1 H NMR (D 2 0. 300 MHz) 8: 8.33 (d 

J-1.1 Hz. 1H). 8.23-8.21 (m. 2H). 6.65 (br s, 2H), 4.76-4.71 (dd. J=12 5 3 Hz 1H) 
4*0-4.54 (dd, J=12.5, 6 Hz. 1H), 3.98-3.9 (m. 1H), 3.8-3.72 (m, 1H), 3.3-3.2 (m 

u J%™ ) L 2 45 ' 2 ' 32 (m ' 1H) ' 2 ' 28 - 2 01 < m ' 3H >' Ana, ^s calculated for' 
C10H15N3OC4H4O4: C, 54.36; H, 6.19; N, 13.58; Found: C, 54.23; H. 6.04; N, 
13.58. 



3-M-Mftthvl-9. 



Example 4 




.4a. 3-(1-Methvl-2-rSWnyrmi idinvlmftth Y | nY Y ) PYr ^p" 
• (S)-1 -Methyl-2-pyridinemethanol was reacted with triphenylphosphine 
DEAD and 3-hydroxypyridine according to the procedure outlined in Example 1a 
The cmde product was purified by fiash chromatography (2X) using (10%MeOH/' 
CHCI3) to remove the d.ethyl hydrazinedicarboxylate impurity and give a yellow 
o.l m 31% yield. MS (DCI/NH3) nVe 193 (M + H) + . 1 H NMR (CDCI3 300 MHz) 6- 
8.32 (t. J= 1.5 Hz. 1H), 8.22 (t, J= 3 Hz, 1H), 7.24-7.2 (m, 2H), 4.14-4 05 (dd J- 9 
6 Hz 1H), 4.00-3.93 (dd, J= 9, 6 Hz. 1H), 3.24-3,4 (m, 1H). L-^X i 
(s.3H).2.44-2.31(m.1H),2.14-2.00(m ( 1H).1.96-1.71(m.3H). 
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>DVridinfi fl.rpp r^fa 



The product of Example 4a was dissolved in anhydrous MeOH and 
brought to 0°C with stirring. Fumaric acid was dissolved in MeOH "with sonication 
and added dropwise to the solution containing amine. The mixture was warmed 
to room temperature with stirring. After 30 minutes the solvent was evaporated in 
vacuo and the remaining solid was vacuum filtered. The solid was then 
recrystallized with MeOH/Et 2 0 to give the desired product as a white powder 
(21% yield). m.p.= 124-125°C. [a]25 D = .3.9° (c=1> Me0 H). MS (pcm ^ ^ 
193 (M+H)+ 1H NMR (D 2 0, 300 MHz) 6: 8.43 (br s. 1H), 8.33 (d, J= 4.5 Hz. 1H) 
7.88-7.84 (m, 1 H), 7.3 (dd, J= 8.82, 5.15 Hz, 1H), 6.58 (s. 2H), 4.59 (dd, J=1 1, 3 ' 
Hz, 1H), 4.42 (dd, J= 11, 5.88 Hz, 1H), 4.05-3.9 (m. 1H), 3.82-3.74 (m, 1H) 3*34- 
3.22 (m, 1H), 3.05 (s, 3H), 2.47-2.37 (m, 1H), 2.30-2.06 (m, 3H). Analysis 
calculated for C1 1 Hi 6N2CC4H4O4: C, 58.43; H, 6.54; N, 9.09; Found- C 58 32- 
H, 6.67; N, 8.99. ' ' ' 




2-M-Msth V |.9.fq). 



2-n-M e thvi.p.rR\.px/ rr ^iiHj nV | methv i nYuVfi ^ h | QrftnvrirtgyinQ 

(R)-1-Methyl-2-pyrrolidinemethanol (300 mg, 2.61 mmol) was dissolved in 
anhydrous THF and brought to 0°C with stirring. 
NaH ((80% dispersion in mineral oil) ,082g, 2.9 mmol) was added and the 
mixture was slowly warmed to room temperature with stirring. After 30 minutes a 
THF solution 3, 6-dichloropyridazine (.41g, 2.74 mmol) was added to the mixture 
via syringe. The reaction was allowed to stir for 48 hrs. The solvent was then 
evaporated in vacuo and the mixture diluted with chloroform, washed with 
saturated NaHC0 3 and then with brine. The organic layer was dried over 
MgS0 4 . The resulting crude material was purified by flash chromatography (10% 
MeOH/CHCI 3 ) to give 0.25g (42% yield) of the title compound as a cream colored 
solid. . MS (DCI/NH3) m/e 228 (M+H)+. [aj25 D s +32 * ^ t Me OH). 

5b- g-fl-Mftthvl^-m^pvr rolidinvlmp'thYloxv^-R^hlnppvrida^infi nvalaf o 

o The product of Example 5a was dissolved in anhydrous ether and cooled 
to 0 C with stirring. Oxalic acid, pre-dissolved in ether, was added dropwise to the 
solution and mixture warmed to room temperature. After 30 minutes of stirring the 
solvent was removed In vacuo and the resulting solid was recrystallized with ' 
MeOH/Et 2 0 to yield 0.28g (82% of the title compound as a white powder m p = 
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153-154 C. MS (DCI/NH3) m/e 228 (M + H)+. 1 H NMR (D 2 0, 300 MHz) 8- 7 76 (d 
J=9Hz, 1H),7.36(d, J=9Hz, 1H). 4.83 (dd, J=12, 3 Hz. 1H), 4.66 (dd. J=12 6 Hz 
1H) 4^0-3.92 (m. 1H). 3.8-3.72 (m. 1H). 3.3-3.21 (m. 1H), 3.04 (s. 3H). 2.46-2.37 ' 

(m. 1H). 2.28-2.02 (m. 3H). Analysis calculated for C10H14N3OCI C 2 H20 4 - C 
45.36; H. 5.08; N, 1 3.23; Found C. 45.46; H. 5.02, N, 13.26. ' 

Example 6 

J -(M9thvn-?-f S W1 -r3'.n V ririvlny Y ) f > th y | 




■ 6a, N-(Carh0benzy|oxv)-P-(1 '-hyrirnYvflthy M yrrftlirf i pp 

To a solution of N-carbobenzyloxy prollnal (1.0g, 4.28 mmol, see Mori et 
a/., Tetrahedron, 1985, 41:5465) in Et 2 0 (15 mL) at 0 *C was added methyl 
Gngnard (1.4M in THFAoluene; 3.36 mL, 4.71 mmol). and two more 1 mL aliquots 
of methyl Grignard were added at 5 minute Intervals. The reaction mixture was 
hen d,luted w.th Et 2 0 (100 mL) and washed with 50 mL portions of 5% aq HCI 
(1X). and brine (1X). dried (MgS0 4 ). and concentrated to afford the crude product 
as a clear oil (956 mg). Chromatographic purification (silica. EtOAc/Hex 1 -2) 

frnr, 9 ? Tl o^"" ** * ° f diastereom ^ (432 mg. 40% yield). 1 H -NMR 

(CDCI3) 6: 7.36 (m. 5H); 5.15 (s. 2H); 4.02 (br s. 1H); 3.86-3.39 (m. 4H); 2 06-1 60 
(m, 4H); 1.18, 1.11(two d. 3). MS(DCI/NH3) m/e 250 (M+H)+. 

To a solution of the product of Example 6a (224 mg, 0.898 mmol) in Et 2 0 
(6 mL) was added LAH (-50 mg, excess) and the reaction mixture refluxed for 0 5 
hours, then stirred at room temperature for 17 hours. The reaction mixture was ' 
then quenched with Na 2 S0 4 decahydrate (-500 mg) followed by EtOAc (6 mL) 
then filtered and the salts washed.with ethanol. The combined washes were ' 
combined and concentrated to afford the crude product as a gel (138 ma) 1 H 
NMR (CDCI3) 8: 3.87. 3.72. 3.40. 3.05 (m. 2); 2.47. 2.32 (two's 3^2 44-2 33 (m 
1); 1.98-1.84 (m, 1); 1.83-1.63. 1.55-1.45 (m, 4); 1.16, 1.12(two d 3) 
MS(DCI/NH3) m/e 130 (M+H)+. ' 

Sc. N-(Methvi wswi -^-nvriH UhvY)Qt hvnnvrrn , iriino bytebJg ^ g 

To a solution of triphenylphosphine (353 mg, 1 .34 mmol) in THF (4 mL) at 
0»C was added DEAD (212 uL. 1.34 mmol), and after 3 minutes a solution of the 

Z!T- °luTT t f " ° 16 ^ ^ 3nd ^Wridine (94 mg. 0.98 
mmol) ,n THF (5 mL) was added. The reaction mixture was stirred at 0 °C for 6 

hours then at room temperature for 15 hours. The reaction mixture was then 
diluted w,th CH 2 C. 2 (30 mL) and washed with 10-mL portions of 10% aq NaOH 
(2X) followed by 10% aq. HCI (3X). The combined acidic aqueous layers were 
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basified to P H 14 and extracted with CH 2 CI 2 (3x10 mL), the combined CH 2 CI 2 
washes dned (MgS0 4 ) and concentrated to afford the crude product. Treatment 
with 40% KOH (to remove DEAD by-product) followed by chromatographic 
punfication (silica. EtOAc/EtOH/ NH 4 OH 10030:0.5) afforded the product as a 
mixture of diastereomers, which was converted to the hydrochloride salt as a 
white hygroscopic solid. (9 mg, 4% yield). 1 H-NMR (D 2 0) 6: 8 58 8 47 8 26 
a04 (four m, 4), 5.07-4.89 (m, 1 ); 3.97-3.52 (m, 2); 3.34-3.14 (m. 1); 3.09, 2.93 

2 - 53 ' 1 ' 78 ^ 4,1 1 * iM (tW ° * 3 >' MS ^H3) 



Example 7 




mm J° T i !l C00,6d S ° ,Uti0n ° f 2 -^ e « d ' n ^rboxylic acid (10.15g, 100.39 

m SL"i« f 1:1> WaS add6d dicarb ^te 

^48g 130.5 mmol). followed by 4-methylmorpholine (11.68g. 115.45 mmol). 
The react,on mixture continued to stir 18 hours, gradually warming to room 
temperature. The reaction mixture was then poured into a ice cooled saturated 
glutton of sodium bicarbonate (250 ml) and washed with ethyl acetate 

tl T \ I!" aqUe ° US W3S th6n addlfied potassium W'osen sulfate 
(pH=1) and the product extracted with ethyl acetate (3x300ml). These extracts 
were then dried (Na 2 S0 4 ). filtered and concentrated in vacuo. T^ng 
semisolid was carried forward without further purification. MS (DCI/NH 3 ) nVe 
202(m + H) + . 2 19(m + NH 4 ) + . 1 H NMR (CDCI3, 300MHz) 8: 10.0 (brs 7m 

( ^ 2 "t\ 2 (m : 2 H) " 1 * 48 (S ' 9H) -' 

To an ice-cooled solution of the product of Example 7a (9.39g 46 72 mmon 
,r ; t^hydrofuran (100m.) was added one molar solution of Li^JL 
(210ml. 4.5eq.) under nrtrogen. The reaction was stirred 48 hours, gradually 
warmmg to room temperature, after which a 10% aqueous potassium hydrogen 
sulfate solut.on was added (60 ml) gradually, then the volatiles were evaporated 
in vacuo,. The remaining slurry was diluted with ethyl acetate (100ml) and 
tnturated two additional times . The organic phase was then washed with a 
saturated solution of sodium hydrogen carbonate (3x75 ml), dried (MgS0 4 ) 
filtered and concentrated in vacuo, yielding a colorless oil (8.4 g, 96% yield)' This 
material was carried forward without further purification. MS 0Cm£ m/e 
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188(m+H)+. «H NMR (CDCI3. 300MHz) 6: 4.49-4.40 (ddd. J=9.0 Hz J=9 0 Hz 
J=3.0 Hz, 1 H), 3.95-3.68 (m, 4H), 2.23-2.1 2 (m, 1 H), 1 .99-1 .87 (m, 1 H),' 1 .46 (s, ' 

♦ . I 0 -^** 09 C00 ' e< ' so ' u ^ on 01 me product of Example 7b (941 mg, 5.0 mmol) 
m tetrahydrofuran (30 ml) under nitrogen, was added sodium hydride (80% 
«pMtan in mineral oil . I80mg, 7.5 mmol), portionwise. The reaction mixture 
stirred fifteen minutes followed by the dropwise addition of 2-chloropyrazine 
(590mg, 5.1 mmol). The reaction was stirred 24 hours gradually warming to room 
temperature. Additional sodium hydride (40 mg) was added and stirring at room 
temperature continued until complete disappearance of starting material by TLC 
The reaction mixture was then treated with a 10% aqueous solution of potassium 

SET TT (2 K ml> ^ ^ ^ 6VaP0rated V3CU0 ' ™* was 
then diluted wrth ethyl acetate (50ml) and the organic phase was washed with 

d^dX^WH^T^ Carb ° nate (2X2 ° m,) - ^ or9anic P hase — then 
dned (MgS0 4 ). filtered and concentrated in vacuo. The resultant orange oil 

(1.37g) was purified by flash silica gel chromatography (ethyl 
acetate:hexane=1:1), resulting in product isolated as an oil, in 80% yield (1.07g) 
I*] 2 * =-62.8'(c1.35.CHCI 3 ). MS(CI/NH3) m/e 266 (M+H)+, 283 (M + NH 4 )+ . 
*H NMR (CDCI3, 300 MHz) 6 8.28- 8.27 (d, J=1.1Hz, 1H), 8.13-8 12 (d 

■If ?u\ 1H)> 8 -° 8 " 8 - 06 ^ J= 258 ' J=15H2 ' 1H >' 4 - 66 * 4 '61 (dd. J.10.83 
J=4.6, H). 4.58-4.51 (m, 1H), 4.50-4.45 (dd, J=10.83, J=3.13, 1H), 3.92-3.87 (dd 

J=8.3, J=6.25, 2H), 2.41-2.29 (m, 1H), 2.26-2.16 (m, 1H), 1.41 (s, 9H) . 
7d, 2-(?-(fi)-fl7ptif1invlmftthvlnYy}pY r azinft hyrtr^ rhlrfri^Tr 

chlnnJ^ ° f f amP ' e 70 m5m9 ' 1,26 mm0l) W3S Stirred ln me %'ene 

chlonde (2ml) and cooled to 0»C. To this was added trifluoroacetic acid in 

methylene chloride (3ml, 1 :1 ). The reaction was allowed to stir 1 8 hours 
gradually warming to room temperature. The mixture was then basified i P H=9) 
with a saturated solution of sodium hydrogen carbonate and continuous* 
extracted with methylene chloride for 16 hours. The extract was dried (MgS0 4 ) 
filtered and concentrated in vacuo. The resultant oil was not purified further but 
was was d.ssolved in ethanol (2ml) and immediately treated with diethyl ether 
saturated with hydrogen chloride gas. Crystals began to form immediately 
Recrystallization from ethanol and diethyl ether yielded pure product (51 2 ma 
025 mmol, 80% yield) as the hydrochloride salt. mp(dec) MS (DCIyNH3Wn/e 
166 (M + H)+, 183 (M + NH 4) *. 1H NMR (D 2 0, 300 MHz) 5: 8.37 ( S 1H) 8 23 ft 
2H), 4.97-4.92 (m, 1H) 4.74-4.58 (m, 2H), 4.19-4.00 (m, 2H), 2.72-2 62 (dd ' 
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J=16.8 Hz, J=8.8 Hz, 2H). Anal, calcd. for CsHi 1 N30»2.4 HCI: C, 38.02; H, 5.34; 
N, 16.63. Found: C, 37.99; H, 5.37; N, 16.60. 



Example 8 




The product of Example 7a (102.9 mg, 0.62 mmol) was stirred with excess 
paraformaldehyde in ethanol (5 ml), on ice and under nitrogen, and the pH 
adjusted to five with the addition of acetic acid and sodium acetate. The reaction 
was stirred for 15 minutes and sodium cyanoborohydride (59mg, 0.936 mmol) 
was added. A very small amount of bromocresol green was added directly to the 
reaction mixture as indicator. The reaction was stirred 1 8 hours, allowed to warm 
to room temperature, and additional formaldehyde (0.25 ml) and sodium 
cyanoborohydride (20 mg, 0.32 mmol) was added to push the reaction to 
completion. The reaction mixture was then acidified (pH=1) with 10% solution of 
potassium hydrogen sulfate and the volatiles evaporated. The aqueous phase 
was washed with ethyl acetate (3x1 0ml), basified with sodium carbonate 
(pH=9.5), and products extracted with ethyl acetate (5x1 5ml). These extracts 
were dried (MgS04). filtered, and concentrated in vacuo. The resultant oil 
(1 1 1.7mg, 100% yield), was then purified by flash silica gel chromatography 
(chloroform:methanol:ammonium hydroxide/98:2:0.1), yielding the pure product 
(60.1 mg, 54% yield), which was dissolved in ethanol and converted to the 
hydrochloride salt in a similar manner as that of Example 7d, (62.2 mg, 86% 
yield), mp 161-1 62°C (dec). MS (DCI/NH3) m/e 180 (M+H)+. 1HNMR(D 2 0, 
300 MHz) 6: 8.37 (S. 1H). 8.24 (s, 2H). 4.87-4.76 (m, 1H), 4.32-4.23 (ddd, J=10 
Hz, J= 1 0 Hz, J=6 Hz, 1 H), 4.04-3.95 (dd, J=1 9.5 Hz, J=9.6 Hz, 1 H), 2.97 (s, 3H). 
2.70-2.58 (m, 2H). Anal, calcd. for C9H1 3N3O2.O HCI 0.3 H2O: C, 41 .97; H, 
6.10; N, 16.32. Found: C. 42.25; H, 5.93; N, 16.02. 

Example 9 




-t-Butvloxvfiarhnn yl^-tSl-ayfttiriinvlmethvlnyY^ Yrtriin, 

An ice cooled solution of the product of Example 7b (2.8 g, 14.97 mmol) in 
tetrahydrofuran (40ml) was stirred under a nitrogen atmosphere To this was 
added DEAD (3.54 ml, 22.46 mmol) followed by triphenylphosphine (4.78 g, 
22.46 mmol) and the mixture was allowed to stir 10 minutes. 3-Hydroxypyridine 
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(2.14 g, 22.46 mmol) was then added to the reaction with additional 
tetrahydrofuran (40 ml). After 18 hours, additional 3-hydroxypyridine (0.1 g, 1.05 
mmol)-was added and the reaction stirred 24 hours longer. When all starting 
azetidine alcohol was consumed, the reaction mixture was concentrated in 
vacuo. The crude mixture was then acidified (pH<2) with a 10% solution of 
potassium hydrogen sulfate (80ml), and washed with ethyl acetate (3x75ml). The 
aqueous portion was then basified with a saturated solution of potassium 
carbonate (pH=10) and products extracted with ethyl acetate (4x75ml). These 
extracts were dried (MgS0 4 ), filtered and concentrated in vacuo to a red-brown 
oil (1 .84g, 50% yield). The crude product was purified via flash silica gel 
chromatography Rf=0.19, (ethyl acetate:hexane=2:1 ), yielding product as a light 
yellow oil in 25% yield. MS (DCI/NH3) nVe 265 (M+H)+, 282 (M+NH 4 )+ 1 H 
NMR (CDCI3) 5: 8.36-8.35 (dd. J=3.7 Hz, J=0.7 Hz, 1H), 8.24-8.22 (dd. J=4.0 Hz, 
J=1 .5 Hz, 1 H), 7.25-7.22 (m. 2H), 4.56-4.48 (m, 1 H), 4.36-4.31 (dd, J Ji 0 Hz, 
J=4.9 Hz, 1H), 4.17-4.12 (dd, J=10 Hz. J=2.9 Hz, 1H), 3.92-3.87 (dd, J=8 2 Hz 
J=6.8 Hz. 2H). 2.42-2.25 (m, 2H), 1 .42 (s, 9H). 
9b. 3-te-fSWflypti^iny)methvtoxY) pvridinB hydr^'p r^ta 

To an ice cooled solution of the product of Example 9a (286mg, 1.08 
mmol) in absolute ethanol (4ml), was added a hydrogen chloride saturated 
ethanol solution (4ml), under nitrogen. The reaction mixture stirred 18 hours 
gradually warming to room temperature. The reaction mixture was then 
concentrated in vacuo, the product dissolved in absolute ethanol and triturated 
with diethyl ether. Two recrystallizations from ethanol and diethyl ether yielded 
pure product in 81% yield as a white powder (174mg, 87 mmol). MS (DCI/NH3) 
m/e 165 (M+H)+, 182 (M+NH 4 )+. "»NMR (D 2 0, 300 MHz) 8: 8.60-8.59 (d, J=2.9 
Hz, 1H), 8.48-8.46 (d, J=5.8 Hz, 1H), 8.25-8.21 (ddd, J=9.0 Hz, J=2.6 Hz, J=1 1 
Hz, 1 H), 5.05-4.97 (m, 1 H), 4.59-4.57 (d, J= 4.0 Hz, 2H), 4.22-4.05 (m, 2H), 2.77- 
2.67 (dd. J=16.9 Hz, J=8.45 Hz, 2H). Anal, calcd. forC9H 12 N 2 0'2.7 HCI'0.2 H 2 0: 
C, 40.60; H, 5.71 ; N. 1 0.52. Found: C, 40.75; H. 5.76; N, 10.51 . 

• Example 1Q 

To an ice cooled solution of the product of Example 9a (550mg, 1.89 
mmol) in methylene chloride (3 ml) under nitrogen, was added trifluoroacetic acid 
in methylene chloride (5 ml, 1:1). The reaction was allowed to stir 18 hours, 
gradually warming to room temperature. The reaction mixture was then 
concentrated in vacuo, brought up in absolute ethanol (5ml). Paraformaldehyde 
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was added, and the acidity adjusted to pH 5 with the addition of acetic acid and 
sodium acetate. The reaction mixture was stirred for 15 minutes and sodium 
cyanoborohydride (1 80mg, 2.86 mmol) was added. A small amount of 
bromocresol green was added to the reaction mixture as indicator. The mixture 
stirred 18 hours after which time the reaction was complete as monitored by TLC. 
The reaction mixture was then acidified (pH=1 ) with saturated solution of 
potassium hydrogen sulfate, and the volatiles evaporated in vacuo. The aqueous 
phase was then washed with ethyl acetate (3x20 ml), basified (pH=lO) with 
potassium carbonate, and the crude products extracted with ethyl acetate (4x20 
ml). The extracts were dried (MgS0 4 ), filtered and concentrated in vacuo (274 
mg, 81 % yield). The crude product was then purified by flash silica gel 
chromatography, yielding a colorless oil (147 mg, 44% yield).This oil was 
dissolved In absolute ethanol (1.5 ml) and treated with hydrogen chloride 
saturated diethyl ether. After one recrystallization from ethanol and diethyl ether, 
pure product resulted in the form of fine hygroscopic needles. MS (CI/NH 3 ) m/e 
179 (M+H)+ 196 (M+NH 4 )+. NMR (D 2 O/300MHz) 8 8.53 (d, J=2.2Hz, 1H), 
8.42-8.41 (d, J=5.5 Hz, 1H), 8.09-8.05 (dd, J=8.8 Hz, J=3.0 Hz, 1H), 7.91-7.86 (dd, 
J=8.8 Hz, J=5.4 Hz, 1 H), 4.90-4.80 (m, 1 H), 4.63-4.58 (dd. J=1 1 .8 Hz, J=2.9 Hz, 
1H), 4.56-4.50 (dd, J=1 1.8 Hz, J=5.3 Hz, 1H), 4.34-4.25 (ddd, J=9.9 Hz, J=9.9 Hz, 
J=5.1 , 1 H), 4.06-3.97 (dd, J=1 9.5 Hz, J=9.4 Hz, 1 H), 3.00 (s, 3H), 2.77-2.60 (m, 
2H). Anal. calc. for C 1 oH 14 N 2 02.0 HCI-0.7 H 2 0: C, 45.54; H, 6.65; N, 10.62. ' 
Found: C, 45.38; H, 6.35; N, 10.53. 



Example 1 1 

2 - (1-Methvl-2-(SVnvrrolidinvlmftth v | OX vUhia2ftlft hydrochloric 

(S)-(-)-1-Methyl-2-pyrrolidine methanol (484 mg, 4.2 mmol) was reacted 
with NaH ((80% dispersion in mineral oil) 0.164 g 5.46 mmol) and 2- 
bromothiazole (0.417 g, 4.62 mmol) according to the procedure outlined in 
Example 3a to afford after column chromatography eluting with (10% 
MeOH/CHCl3 + 1%NH3) (616.2 mg, 3.1 mmol, 74% yield) of 2-(1 -methyl-2-(S)- 
pyrrolidinylmethyloxy)-thiazole. The pure base was then converted to its 
hydrochloride salt by treating the amine (109.4 mg, 0.552 mmol) with a saturated 
solution of HCI in Et20 dropwise with stirring until no more precipitate formation 
was observed. This afforded 21 .2 mg, 0.09 mmol. 1 6% of the title compound, mp 
= 99°C. [<xjD 20 = +2.86° (c=0.021 , MeOH). MS (DCI/NH3) m/e 199 (M+H)+ 1h 
NMR (CD3OD, 300 MHz) 5: 7.1 8 (d. J=4.04 Hz, 1 H), 6.99 (d, J=4.04 Hz, 1 H) 4 85 
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(dd. J=12.50, 3.31 Hz, 1H), 4.65 (dd, J=12.5, 6.62 Hz, 1H), 4.09-3.85 (m, 1H), 
3.85-3.65 (m. 1 H). 3.03 (br s. 3H), 2.45-2.3 (m, 1 H), 2.3-1 .95 (m, 3H). Analysis 
calculated for C9H15N2OSOO.6 H 2 0»0.1Et 2 O: C, 44.63; H, 6.85; N, 11.07; 
Found: C, 44.68; H, 6.46; N, 10.68. 



2-(1-MgthY|-2-(3)-PVrrolidinvlmethvloxv^-nhlnrnnx/riri ^i ne fumamtP 

(S)-(-)-l-Methyl-2-pyirolidinemethanol (968 mg, 8.4 mmol) was reacted in 
a similar fashion as that described for the (R)-isomer of Example 5a to afford 
1.31g (69% yield) of the title compound. {a]25 D = -28.3 0 (0=1.1, MeOH). 

The product of Example 12a (37.3 mg, 0.16 mmol) was reacted with 19 mg 
of fumaric acid in a process similar to that described in Example 4b to afford 39 
mg (70% yield) of the title compound as a white solid, m.p.= 155°C. [ap20 = 
+4.80 (c.1.0, MeOH). MS (DCI/NH3) m/e 228 (M+H)+. 1h NMR (D 2 0, 300 MHz) 
8: 7.6 (d. J=9.19 Hz. 1H), 7.37 (d, J=9.19 Hz, 1H), 6.64 (s, 2H), 4.82 (dd, J-12.14, 
3.1 Hz, 1H), 4.66 (dd, J=12.13, 5.88 Hz, 1H), 4.0-3.92 (m. 1H), 3.8-3.72 (m 1H) 
3.3-3.21 (m, 1H), 3.04 (s, 3H), 2.46-2.36 (m, 1H), 2.27-2.02 (m, 3H). Analysis ' 
calculated for C14H18N3O5CI : C, 48.91 ; H, 5.27; N, 12.22; Found: C, 48.86' H 
4.87; N, 11.98. 



Example 13 




J 3a. 6-Qhloro-3-(1 -t-butvloxvcarbonvl.p^U ^ ethvloxvarfttiriinvnDvririaTinft 

The product from Example 7b (3.18 g, 17.0 mmol), sodium hydride (80% 
dispersion in mineral oil, 510 mg, 17.0 mmol), and 3,6-dichloropyridazine (3.8 g, 
25.5 mmol) were combined in a similiar manner as that described in Example 7c. 
The crude product was purified by flash chromatography on silica gel using 
EtOAc/hexane (1 :6 to 1 :4) as the elutant to give 3.87 g of a viscous oil, which 
solidified in the refrigerator (76% yield). TLC R f =0.58 (EtOAc/hexane 1:1). m.p. = 
50-54°C. MS (CI) m/e 300 (M+H)+ 1H NMR (DMSO-de, 300 MHz) 5: 7.73 (d, 
J=9.2 Hz, 1H), 7.31 (d, J=9.2 Hz, 1H), 4.72 (dd, J=1 1 .0 Hz, 4.6 Hz, 1H), 4.59 (dd, 
J=1 1 .0 Hz, 3.7 Hz, 1 H), 4.56-4.50 (m, 1 H), 3.79 (t, J=7.6 Hz, 2H), 2.40-2 38 (m 
1 H), 2.20- 2.09 (m, 1 H), 1 .36 (s, 9H). 
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1 3b. 6-Chloro-3-(1 -methvl-2rsWm 0 thy»r ?X vaz e tidin V hp Yn ^ a ,in f 

The product from Example 13a (805 mg, 2.68 mmol) was treated in a 
similiar fashion as that described under Exampte 7d. The crude was subject to 
flash chromatography on silica gel with 10% MeOH in CHCI 3 to 0.5% NH4OH in 
10% MeOH in CHCI3 used as the elutant to give 352 mg of a yellow oil (66% 
yield). MS (CI) m/e 200 (M+H)+. The amine deprotected material (330 mg, 1 .66 
mmol) was then subjected to reductive amination conditions previously described 
in Example 8. The crude product was purified by flash chromatography on silica 
gel using 2% MeOH in CHCI 3 to 5% MeOH in CHCI3 as the elutant to give 125 
mg of a clear oil (35% yield). MS (CI) m/e 214 (M+H)+. 1H NMR (CDCI3 300 
MHz) 57.36 (d, J=9.2 Hz, 1H), 7.02 (d, J=9.2 Hz, 1H), 4.54 (dd, J=11.6 Hz, 3.8 Hz, 
1H), 4.47 (dd, J=11.6 Hz, 5.7 Hz. 1H), 3.48-3.39 (m, 2H), 2.89-2.81 (m, 1H), 2.38 
(s, 3H), 2.1 7-2.03 (m, 2H). 

The product of Example13b (120 mg, 0.56 mmol) was dissolved in 8 mL of 
diethyl ether and cooled to 0°C. Oxalic acid (55.5 mg, 0.62 mmol) in 1 mL of 
diethyl ether was added dropwise to the reaction vessel, and the reaction was 
allowed to stir for 30 minutes. The solvent was then removed in vacuo and the 
remaining white solid recrystallized out of hot methanol to give 128 mg of the titile 
compound (75% yield), m.p. = 165-167°C. ta]23 D = . 2 6.7° (c 0.75, H 2 0). MS (CI) 
m/e 214 (M+H)+ 1H NMR (D 2 0. 300 MHz) 8: 7.78 (d. J=9.2 Hz, 1H), 7.40 (d, J=9.2 
Hz, 1H), 4.89-4.73 (m, 3H), 4.32-4.22 (m, 1H), 4.05-3.94 (m. 1H). 2.97 (s, 3H), 
2.73-2.60 (m, 2H). Anal cal'd for C11HUCIN3O5: C, 43.50; H, 4.65; N, 13.84. 
Found: C, 43.59; H, 4.50; N, 13.65. 



Example 14 

■ 14a- S-fl-t-butOxvcarbonvl-P-rst-Dvrroliriinyt^o thvloxv^ nvririino 

To a solution of triphenylphosphine (1.97g, 7.5 mmol) in 30 mL of 
tetrahydrofuran at room temperature was added diethyl azodicarboxylate (DEAD) 
(1 .13 mL. 7.5 mmol) dropwise with stirring. After stirring at room temperature for 
30 minutes, (S)-1-t-butoxycarbonyl-2-pyrrolidinemethanol (1 g, 5.0 mmol) and 3- 
hydroxypyridine (713 mg, 7.5 mmol) were added to the reaction mixture. The 
resultant solution was stirred at room temperature for 16 hr. After all the starting 
material was consumed, the organic solvent was evaporated in vacuo. The 
residue was purified by silica gel column chromatography. Elution with 
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chloroform:methanol (10 :1) provided 2 g of the title compound. MS (DCI/NH3) 
m/e 279 (M+H)+. ' 

To a solution of the product of step 14a in 12 mL of methylene chloride 
solution was added 12 mL of trifluoroacetic acid. The resultant solution was 
stirred at room temperature for 3 hr. Evaporation of both solvent and 
trifluoroacetic acid gave a brown oil which was basified with saturated ammonium 
hydroxide solution. This oil was purified by silica gel column chromatography. 
Elution with a mixture of chloroform:methanol: ammonium hydroxide (10:10 1) 
provided the desired product . MS (DCI/NH3) m/e 179 (M+H)+ 1h NMR (D 2 0 
300 MHz) 5: 8.33 (br s, 1H), 8.22 (m, 1H), 7.22(m, 2H), 3.82-4.03 (m, 2H), 3.50- 

14c. ^^JZ^^^^^^^^ ^' 4H) ' 1 " 51 ' 1 ' 66 (m ' 1H) ' 

The product of step 14b (281 mg, 1.57 mmol) was dissolved in anhydrous 
MeOH and brought to 0°C with stirring. Fumaric acid was dissolved in MeOH with 
sonication and added dropwise to the base. The mixture was warmed to room 
temperature with stirring. After 30 minutes the solvent was evaporated in vacuo, 
and the remaining solid was triturated with anhydrous diethyl ether. The product 
was obtained as a hygroscopic solid in 47% yield (218 mg). MS (DCI/NH3) m/e- 
1 79 (M + H)+ 1 H NMR (D 2 0, 300 MHz) 8: 8.38 (m, 1 H), 8.30 (m 1 H), 7.76-7.72 (m, 
1 H), 7.72-7.62 (m, 1 H), 6.57 (s, 2H). 4.60-4.50 (m, 1 H), 4.35-4.25 (m 1 H) 4 1 0- 
4.08 (m, 1H), 3.42 (t, J=7.5 Hz, 2H), 2.37-2.23 (m, 1H), 2.23-2.06 (m^H),'^ 
1.98 (m, 1H). Anal calc. for CioHi4N 2 0»C 2 H 4 0 2 »0.9 H 2 Or C. 54.15; H, 6.42- N 
9.02; Found: C, 54.48; H, 6.02; N, 8.67. 



Example is 

5-Qhloro-3-(2-(SVnvrrolidinvlmPthvinv Y ) DV ridin P riihy ^Whi^^ 

h1-t-Butoxvftqrbonvl-2-py rrolidinempth^n. 
N-t-BOC-proline (Sigma Chemical Co., 12.97 g, 60.02 mmol) was 
dissolved in anhydrous THF and brought to 0°C with stirring. Borane/THF 
complex was added dropwise via syringe over a 10 minute period. The reaction 
mixture was stirred at room temperature for 1 hour, then the reaction was 
quenched slowly with saturated NaHC0 3 and stirred for an additional hour. The 
solvent was removed in vacuo, and the residue was diluted with H 2 0. The 
desired compound was extracted from the aqueous phase with Et 2 0 (3X) The 
organic layer was then washed with brine (2X) dried (MgS0 4 ) and evaporated 
The resulting material was carried on without further purification. 
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15b, ^ChlprP-3-fN't-hmoxvcarbony|.g.fS^Dvrrolidi n vlmftthylnYy)py r j^ i n o 

(S)-1-t-Butoxycarbonyl-2-pyrrolidinemethanol (1.75 g, 8.71 mmol) from 
Example 15a and 5-chloro-3-pyridinol (1.69 g, 13.10 mmol, Aldrich Chemical 
Co.). were allowed to react in the presence of triphenylphosphine and DEAD as 
described in Example 2a. The crude product was purified by chromatography 
over silica gel eluted with hexane/EtOAc to provide 1 .49 g (60%) of the title 
compound as a pale yellow oil. TLC Rf 0.75 (1 :1 EtOAc/Hex). MS (DCI/NH3) m/e 
313 (M + H)+ with 35ci and m/e 315 (M + H)+ with 37 ci. 
1 5C, 5>Chloro-3-f 2-fSVnvrrolidinvlmftthx/l nxv^vririinp 

The product of example 15b (0.440 g, 1 .41 mmol) was treated with 
trifluoroacetic acid in CH 2 CI 2 as described in Example 2b, then saturated K2CO3 
was added and the aqueous phase was extracted with CH 2 CI 2 (3X). The organic 
layer was dried (MgS0 4 ) and evaporated, and the crude product was purified by 
chromatography over silica gel eluted with CHCl3/MeOH/NH 4 OH/to give 0.299g 
(100%) of the title compound as a pale yellow oil. MS (DCI/NH3) m/e: 213 (M + 
H)+ with 35CI and 215 (M + H)+ with 37 C |. 1H NMR (CDCI3, 300 MHz) 8: 8.22 (d. 
J=2.6 H2, 2H), 8.19 (d. J=2.2 Hz, 1H), 7.22 (t, J= 2.50 Hz, 1H), 3.97 (dd, J=9, 5 Hz, 
1 H), 3.90 (dd, J= 9, 7 Hz, 1 H), 3.60-3.51 (m, 1 H), 3.08-2.95 (m, 2H), 2.32 (br s, 
1 H). 2.03-1 .74 (m, 3H), 1 .62-1 .51 (m, 1 H). raj^o^ 13.94° (c=1 .04, MeOH). 
1 5d, 5-Chlpro-3-f2-(S^-Dvrrolidinvlmflthylny v ^ Dv ridinft riihyrir 9 r hi^ n ^ f 

The product of Example 15c was treated with HCI and isolated as 
described in Example 1 b to afford a cream colored powder. mpl83-l86°C. MS 
(DCI/NH3) m/e: 213 (M + H)+ with 35ci and 215 (M + H)+ with 37 C |. 1H NMR (D 2 0, 
300 MHz) 6: 8.23 (m, 2H), 7.60 (t, J=2.20 Hz. 1 H), 4.47 (dd, J=10.60, 3.70 Hz, 1 H),' 
4.25 (dd, J=10.60, 8 Hz, 1H), 4.14-4.10 (m, 1H), 3.44-3.39 (t, J=7 Hz, 2H), 2.32- 
2.23 (m, 1 H), 2. 1 9-2.07 (m, 2H), 2.01 -1 .92 (m, 1 H). Anal. Calc. for 
Ci 0 Hi 3 N 2 OC|.2.00 HCI: C, 42.06; H, 5.29; N, 9.81 ; Found C. 42.47; H, 5.34- N 
9.90. [a]25 D =+1 0.10° (c=1, MeOH). 



5-Chloro-3- M-methvl-2- 



Examole 1fi 




16a, 5- Chloro-3-(1-methvl-2-/S^nvrrnliri invlmfithvlnYv\p Yr i^i^ o 

To 5-chloro-3-(N-t-butoxycarbonyl-2-(S)-pyrrolidinylmethyloxy)pyridine 
(0.600 g. 1 .92 mmol) from Example 15b was added a solution of formic acid/ 
formaldehyde (1 :2, 3 mL). The mixture was heated at reflux for 3 hours, then 
basified with sat. K 2 C03. The aqueous phase was extracted with CH 2 CI 2 (3X) 
then the organic layer was dried (MgS0 4 ) and concentrated. The crude product 
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was purified by chromatography over silica gel eluted with CHCI3/MeOH to afford 
0.274 g (63%) of the title compound as a pale yellow oil. TLC Rf=0.23 
(10%MeOH/CHCl3). MS (DCI/NH3) m/e: 227 (M + H)+ with 35 C | and 229 (M + H)+ 
with 37 C |. 1 H NMR (CDCI3, 300 MHz) 8: 8.22 (d. J=2.6 Hz, 1H), 8.19 (d, J=2.2 Hz 
1H), 7.22 (t, J=2 Hz, 1H), 4.00 (dd, J=9, 5.50 Hz, 1H), 3.92 (dd, J=9. 5.20 Hz, 1H)' 
3.1 4-3.08 (m. 1 H), 2.69-2.64 (m, 1 H), 2.47 (s, 3H), 2.36-2.27 (m, 1 H), 2.07-1* 97 ' 
(m. 1H), 1.88-1 .69 (m,3H). 

The product of Example 16a was treated with HCI and isolated as 
described in Example 1b to give a white powder, mp = 200°C (dec). MS 
(DCI/NH3) m/e: 227 (M + H)+ with 35 C | and 229 (M + H)+ with 37 C |. 1 h NMR (D 2 0 
300 Hz) 8: 8.25-8.24 (m, 2H), 7.63-7.61 (m, 1 H), 7.62 (t, J=2.3 Hz), 4.53 (dd. J=1 1 ,' 
3 Hz, 1H), 4.36 (dd, J=9, 6 Hz. 1H), 3.94 (m, 1H), 3.76 (m, 1H), 3.17-3.10 (m 1H) ' 
3.04 (s, 3H). 2.44-2.35 (m. 1 H), 2.25-2.02 (m. 3H). Anal. Calc. for 
CnH 15 N 2 OCI-2.00 HCI: C, 44.10; H, 5.72; N, 9.35; Found C. 44.07; H 5 69- N 
9.35. la]25D»-5.60°(c=1.MeOH). ' ' 



Example 17 




7a r g-Metm/l-3-f 1 •t-butoxvcarbonvl.9.( S VDvrrnliriin Y imethvlnYvipy nT im, 
To a solution of triphenylphosphine (3.83 g, 14.6 mmol) in 40 mL of 
anhydrous THF at 0°C was added diethyl azodicarboxylate (2.30 ml, 14.6 mmol) 
dropwise. The mixture was stirred at 0°C for 30 minutes, then brought to room 
temperature. (S)-1-t-Butoxycarbonyl-2-pyrrolidinemethanol (l.96g, 9.75 mmol 
Aldrich Chemical Co.) and 2-methyl-3-hydroxypyridine (Aldrich Chemical Co.. ' 
1.60g, 14.6 mmol) were added to the reaction vessel, and the mixture was stirred 
for 16 hours. Solvent was removed in vacuo, and the residue was diluted with 
hexane and sonicated for 30 minutes. The resulting precipitate was filtered and 
washed with hexane. The hexane was removed in vacuo. The residue was 
purified by silica gel flash chromatography (ethyl acetate) to give 1 .42g (50% 
yield) of the title compound as a pale yellow oil. TLC R f =0.50 (EtOAc) MS 
(DCI/NH3) nVe: 293 (M + H)+ 

.1 7b„ 2-Methvl-3-f2-( S\.nvrrolidinvl^^h yloxv^vririinfi 

To a solution of the product of Example 17a (0.407g, 1.39 mmol) in 2 mL of 
methylene chloride at 0°C was added 2 mL of trifluoroacetic acid. The reaction 
was stirred at this temperature for 40 minutes. The temperature was raised to 
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room temperature, and the reaction was stirred for an additional 30 minutes. 
Once the starting material was consumed, saturated K2CO3 was added and the 
product was extracted from the aqueous phase with CH 2 CI 2 (3X). The'organic 
layer was then dried over MgS0 4 . The resulting crude material was purified by 
silica gel flash chromatography using a gradient from 100% CHCI3 to 10% 
MeOH/CHCI 3 and finally 1 %NH 4 OH/1 0%MeOH/CHCI 3 to give 0.236g (88%) of 
the title compound as a pale yellow oil. MS (DCI/NH3) m/e: 193 (M + H)+ 1H NMR 
(CDCI3. 300 MHz) 6: 8.07 (t, J=3 Hz, 1H), 7.07 (m. 2H), 3.95-3.85 (m, 2H), 3.60- 
3.55 (m, 1H), 3.10-2.97 (m, 2H), 2.48 (s. 3H), 2.23 (br s, 1H), 2.04-1.93 (m 1H) 
1 .90-1 .78 (m, 2H), 1 .67-1 .58 (m, 1 H). ' 
17C, 2-Methy^-f?-(S)-nvrrolidinvlrn ft thvin^^r|H fnQ dih v ri™h.nrfH» 

The free base from Example 17b was dissolved in diethyl ether and 
brought to 0°C with stirring. The solution was treated with diethyl ether saturated 
with hydrogen choride gas. The solvent was removed in vacuo. The resulting salt 
was triturated with diethyl ether (2X) and dried under vacuum to give a beige 
powder, m.p. > 240°C, and decomposition occurs at 250°C and higher MS 
(DCI/NH3) m/e: 193 (M + H)+. 1H NMR (D 2 0, 300 MHz) 8: 8.17 (d, J=5.5 Hz, 1H) 
7.86 (d. J=7.5 Hz, 1H), 7.67 (dd, J=8.50, 5.50 Hz. 1H). 4.58 (dd, J=1 1, 3 Hz'lH) ' 
4.34 (dd. Ml, 8 Hz, 1H), 4.25-4.19 (m, 1H), 3.46-3.42 (m, 2H), 2.62 (s. 3H), 2 36- 
2.28 (m, 1H), 2.22-196 (m. 3H). Anal. Calc. for CnHieNgO^OO HCI: C, 48 82- H 
6.84; N, 10.56; Found C, 49.60; H, 6.88; N, 10.44. [a]25 D =+21 .40° (c=1 MeOH) ' 



line dihvrirnchl 



jmethvloy 



Example 1? 
6-Methvl-a.rp.(fi) .D V rroliriinylmethvloyv\pvri 

,1 8-a. 6-Methvl-3-M-t-hiitny vcarbonvl-P-( R ).p Yrr ? i» 

To a solution of triphenylphosphine (3.83g, 14.60 mmol) in 40 ml of 
anhydrous THF at 0°C was added diethyl azodicarboxylate (2.3 ml, 14 60 mmol) 
dropw.se. The mixture was stirred at 0°C for 30 minutes, then brought to room 
temperature. (S)-1-t-Butoxycarbonyl-2-pyrrolidinemethanol (1.96g, 9.75 mmol 
Aldnch Chemical Co.) and 6-methyl-3-pyridinol (Aldrich Chemical Co 1 60g 
14.60 mmol) were added to the reaction vessel, and the mixture was stirred for 
16 hours. Solvent was removed in vacuo, and the residue was diluted with 
hexane and sonicated for 30 minutes. The resulting precipitate was filtered and 
washed with hexane. The hexane was removed in vacuo. The residue was 
purified by silica gel flash chromatography using a gradient from 100% hexane to 
a 1:1 solution of ethyl acetate/hexane (100% Hex, 1 0%EtOAc/Hex, 
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20%EtOAc/Hex, 1 :1 EtOAc/Hec) to give 1 .61 g (57%) of the title compound as a 
pale yellow oil. TLC Rf=0.42 (1 :1 EtOAc/Hex). MS (DCI/NH3) m/e: 293 (M + H)+ 
1 8b, 6-Methvl-3.rp.rR).p Yr r ? »i din V lmftthYl 9 YY ) p Y rirttn Q 

To a solution of the product of Example 18a above (0.320g, 1.09 mmol) in 
2 mL of methylene chloride at 0°C was added 2 mL of trifluoroacetic acid The 
reaction was stirred at this temperature for 30 minutes. The temperature was 
raised to room temperature, and the reaction was stirred for an additional 30 
mmutes. Once the starting material was consumed, saturated K 2 C03 was added 
and the product was extracted from the aqueous phase with CH 2 CI 2 (3X) The ' 
organic layer was then dried over MgS0 4 . The resulting crude material was 
punfied by silica gel flash chromatography using a gradient from 100% CHCfe to 
10% MeOH/CHCI 3 and finally 1%NH 4 OH/10%MeOH/CHCI 3 to give 0 200g 

^u^^r P ° Und 33 3 Pa ' e ye "° W ° iK MS (DCI/NH 3) 193 (M + 
H) + . i H NMR (CDCI3, 300 Mz> 8: 8.20 (d. J=3 Hz. 1 H). 7.12 (dd. J-8.50 3 Hz 1 H) 

7.05 (d. J=8 50 Hz. 1 H). 3.94 (dd. J=9. 5 Hz. 1 H). 3.87 (dd. J=9. 7 Hz. 1 H). 3.57- 
3.48 (m. 1H). 3.07-2.92 (m. 2H). 2.48 (s. 3H). 2.18 (br s. 1H). 2.01-1 89 (m 1H) 

The free base from Example 18b was dissolved in diethyl ether and 
brought to CC with stirring. The solution was treated with diethyl ether saturated 
with hydrogen chloride gas. The solvent was removed in vacuo. The resulting 
salt was triturated with diethyl ether (2X) and dried under vacuum to give a beige 

300 mm' , (deC) ' MS (DCI/NH3) ^ 193 (M + H ) + - 1H N MR (D 2 0, 

300 MHz) 5: 8.27 (d. J=3 Hz. 1H). 7.81 (dd. J=9. 3 Hz. 1H). 7.59 (d. J=9 Hz 1H 

4.51 (dd. 10.50. 3.50 Hz. 1H). 4.31 (dd. 10.50. 7.50 Hz. 1H). 4.19-4.12 (m IH) 
3.43 (d. J=7 Hz. 2H). 2.60 (s. 3H). 2.33-2.24 (m. 1H). 2.20-1.92 (m. 3H). Anal 
Calc. for CnHieN2O-2.OO.HCI: C. 49.82; H. 6.84; N, 10.56; Found C 49 78' H 
6.53; N. 1 0.26. [cc]25 D=+1 q.oo* (c=1 . MeOH). ' ' 



6-Methvl-3-( 1 -methyl-?- 



Example 1Q 




thYl-3-f1-methYl-?-(S)-pvrro|iftinvlmfithvinyY)p Y p Wi pQ 
To 3 mL of a solution of formic acid/ formaldehyde (1 :2) was added the 
compound from Example 19a (.600g. 2.05 mmol). The mixture was brought to a 
gentle reflux and stirred at this temperature (80°C) for 3 hours. The reaction was 
bas,f.ed w.th sat. K 2 C0 3 . The desired compound was extracted from the 
aqueous phase with CH 2 CI 2 (3X). The organic layer was dried over MgS0 4 The 
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resulting crude material was purified by silica gel flash chromatography using a 
gradient from 100% chloroform to 10% methanol/chloroform (5% increments) to 
give 0.403g (95%) of the title compound as a clear colorless oil. TLC Rf=0 17 
(10%MeOH/CHCI3). MS (DCI/NH3) m/e 207 (M + H)+. 1 H NMR (CDCI3 300 
MHz) & 8.21 (d. J=3 Hz, 1H). 7.13 (dd, J=8.50, 3 Hz, 1H). 7.05 (d. J=8.50 Hz, 1H) 
4.06 (dd. J=9, 5.50 Hz, 1H), 3.93 (dd, J=9, 5.50 Hz, 1H), 3.19-3.14 (m, 1H), 2 74- 
2.69 (m, 1H), 2.52 (s, 3H), 2.48 (s. 3H), 2.37-2.31 (m, 1H), 2.08-1.99 (m 1H) 1 89- 
1.74 (m,3H). 

(xvlpvridinft dihvrirnnhfo ri^ 



The free base from Example 19a was dissolved in diethyl ether and 
brought to 0°C with stirring. This solution was treated with diethyl ether saturated 
with hydrogen chloride gas. The solvent was removed in vacuo . The resulting 
salt was triturated with diethyl ether (2X) and dried under vacuum to give a white 
powder. m.p.= 213-216°C. MS (DCI/NH3) m/e: 207 (M+H)+ 1HNMR(D 2 0 300 
MHz) 8: 8.28 (d, J=3 Hz, 1H), 7.79 (dd, J=9, 3 Hz, 1H), 7.58 (d, J=9 Hz, 1H), 4.56 
(dd, J=1 1 , 3 Hz, 1 H), 4.39 (dd, J=1 1 , 6 Hz, 1 H), 3.95 (br s, 1 H), 3.77 (br s, 1 H) 
3.28 (br s, 1H), 3.04 (s. 3H), 2.59 (s, 3H), 2.42-2.37 (m, 1H), 2.25-2.08 (m, 3H) 
Anal. Calc. for C 12 H 18 N 2 O.2.00 HCI: C, 51 .62; H, 7.22; N, 1 0.03; Found C, 51 49- 
H, 7.36; N, 9,96. [a] 25 \y=-6.40° (c=1, MeOH). 

Example 9Q 

mo-3-(2-fS'. 




20a. 3-Pvridvl diethyl carbamatP 

To a refluxing solution of 3-pyridinol (9.7 g, 0.10 mol) and triethylamine 
(17.0 mL, 0.12 mol) in anhydrous benzene (300 mL) was slowly added a solution 
of N,N-dimethylcarbamyl chloride (14.4 mL, 0.11 mol) in anhydrous benzene (50 
mL). After heating at reflux for 1 2 hours, the resultant mixture was filtered and 
the salt was washed with benzene (3X10 mL). The filtrate was concentrated and 
distilled under reduced pressure to provide 1 8.4 g (95% yield) of the title 
compound as a light yellow oil (lit.: bp 91-930C/3.5 mmHg, Millner, O.E Jr • 
Stanley, J.W; Purcell. W. P. J. Med. Chem. 1974, 77,13). TLC Rf 0.57(10*1 
CHCl3/MeOH). MS (DCI/NH3) m/e 212 (M+NH 4 ) + . 195 (M+H)+ ^H NMR 
(CDCI3, 300 MHz) 5: 8.44 (d, J = 0.9 Hz, 1 H, ArH), 8.43 (dd, J = 4.8, 1 .8 Hz, 1 H, 
ArH), 7.53 (ddd. J = 7.5 . 1 .8 , 0.9 Hz. 1 H, ArH), 7.30 (dd, J = 7.5, 4.8 Hz, 1 H ArH) 
3.43 (q. J = 7.2 Hz. 2H. NCH 2 ). 3.40 (q, J = 7.2 Hz, 2H, NCH 2 ), 1.27 (t, J = 7 2 Hz' 
3H, CH 3 ), 1 .21 (t, J = 7.2 Hz, 3H, CH 3 ). 
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20b. 4-Bromo-3-pvridvl diethylcarbamate 

To a cooled (-78°C) solution of TMEDA (787 mg, 6.6 mmol) in anhydrous 
THF (15 mL)^was slowly added sec-butyl lithium (1.30 M. 5.08 mL, 6.6 mmol). and 
the resultant solution was stirred at -78°C for 1 0 minutes. 3-Pyridyl 
diethylcarbamate (1.16 g, 6.0 mmol, from step 20a) in THF (3 mL) was slowly 
added, and the mixture was stirred at -78°C for 30 minutes. 1 ,2-Dibromoethane 
(0.575 mL, 6.6 mmol) was then added, and the mixture was stirred for an 
additional 2 hours. Brine (1 mL) was added and the mixture was slowly warmed 
up to room temperature. The organic layer was decanted, and the residue was 
washed with ethyl acetate (3X5 mL). The combined organic layers were dried 
(Na2S04) and concentrated under reduced pressure. The crude product was 
purified by flash chromatography on silica gel eluting with hexane/EtOAc (1 :1 and 
1 :2) to provide 1 .25 g (76% yield) of the title compound. TLC Rf 0.48 (1 :2 
hexane/EtOAc). MS (DCI/NH3) nVe 290 with 79e r and 292 (M+NH4)+ with 81 Br, 
273 with 79 Br and 275 (M+H)+ with 81 Br. iH NMR (CDCI3, 300 MHz) 8: 8.47 (s, 
1H, ArH), 8.27 (d, J = 7.2 Hz, 1H, ArH), 7.16 (d, J = 7.2 Hz, 1H, ArH), 3.52 (q, J J 
7.5 Hz, 2H, NCH 2 ), 3.41 (q, J = 7.5 Hz, 2H. NCH 2 ). 1 .33 (t. J = 7.5 Hz, 3H, CH 3 ), 
1.24 (t, J = 7.5 Hz, 3H. CH3). 
20c. 4-Bromo-3-rwrir<innl 

To a solution of 4-bromo-3-pyridyl diethylcarbamate (1 .24 g, 4.50 mmol) in 
methanol (10 mL) was added sodium methoxide in methanol (2.04 g, 9.40 mmol), 
and the resuHant mixture was refluxed for 1 .5 hours. After removal of MeOH, 
EtOAc (15 mL) and water (1 mL) were added, the pH was then adjusted to 9 
using 20% H2SO4. The organic layer was decanted, and the residue washed 
with EtOAc (3X5 mL). The combined organic layers were dried (Na2S04) and 
concentrated. The crude product was purified by flash chromatography on silica 
gel eluting with hexane/EtOAc (1 :1 and 1 :2) to provide 691 mg (89% yield) of the 
title compound. TLC Rf 0.38 (1 :2 hexane/EtOAc). MS (DCI/NH3) m/e 174 with 
79Br and 1 76 (M+H)+ with 81 Br. 1 H NMR (CDCI3, 300 MHz) 8: 8.43 (d, J =1 .5 
Hz, 1H, ArH), 8.02 (d, J = 7.2 Hz, 1H, ArH), 7.54 (dd, J = 7.2, 1.5 Hz, 1H, ArH). 

(S)-1-t-Butoxycarbonyl-2-pyrrolidinemethanol (792 mg, 3.94 mmol), 4- 
bromo-3-pyridinol (685 mg, 3.94 mmol), DEAD (485 uL, 4.33 mmol) and PPh3 
(1.14 g, 4.33 mmol) were allowed to react as described in Example 2a. The 
crude product was directly treated with trifluoroacetic acid (5 mL) at room 
temperature for 3 hours. The trifluoroacetic acid was removed under reduced 
pressure, and water (8 mL) was added. The mixture was extracted with EtOAc 
(2X20 mL), and the resultant aqueous layer was basified with excess solid 
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sodium bicarbonate. The resultant slurry was washed extensively with EtOAc 
(4X10 mL). The combined organic layers were dried (Na2S04) and evaporated. 
The crude product was purified by flash chromatography on silica gel eluting with 
CHCl3/MeOH/NH40H (10:1.5:0.02 and 10:1.5:0.1) to provide 371 mg (37% yield 
from 4-bromo-3-pyridinol) of the title compound. TLC Rf 0.16 (10:1 :0.02 
CHCl3/MeOH/NH40H). MS (DCI/NH3) m/e 257 with 79e r and 259 (M+H)+ with 
81 Br. 1 H NMR (CDCI3, 300 MHz) 8: 8.25 (s, 1 H, ArH), 8.08 (d. J = 6.6 Hz, 1 H, 
ArH), 7.48 (d, J = 6.6 Hz, 1 H, ArH), 4.28 (dd, J = 4.8, 10.2 Hz, 1 H, OCHH), 4.17 
(dd, J = 6.3, 10.2 Hz, 1H. OCHtf), 3.90-3.80 (m, 1H, NCH), 3.30-3.14 (m, 2H, 
NCH2). 2.18-1.80 (m, 4H. 2CH2). 

20e. 4-Bromo-3-f2-fS^-Dvrrolidi nvlmethvlnyy^Dvridine riihydrochloride 

The product of 20d (140 mg) was treated with HCI and isolated as 
described in Example 1b to afford 120 mg (67% yield) of the title compound as a 
light yellow powder, mp 191-1 93°C. MS (DCI/NH3) m/e 257 with 79Br and 259 
(M+H)+ with 81 Br. 1 H NMR (D 2 0, 300 MHz) 5: 8.28 (s, 1 H, ArH), 8.09 (d. J = 5.2 
Hz, 1 H, ArH), 7.77 (d, J = 5.2 Hz. 1 H, ArH), 4.61 (dd, J = 3.3, 10.7 Hz, 1 H, OCHH), 
4.36 (dd, J = 7.4, 10.7 Hz, 1 H, OCHM). 4.24-4.16 (m, 1H, NCH), 3.52-3.37 (m. 2H, 
NCH 2 ), 2.38-1.98 (m, 4H, 2CH 2 ). Anal. Cate. forCioHi5N20CI 2 Br: C, 36.39; H, 
4.58; N, 8.49. Found: C, 36.00; H, 4.24; N, 8.38. 



Example 21 

4-Bromo-3-n-methvl- 2 -fSVDvrroliriinvlmethvloxv^ovridine dihvrirochloride 
21a. 4-Bromo-3-(1-met hvl-2-rS\-ovrrolidinvlmelhoxv>DvridinR (7A\ 

The product of 20d (225 mg) was treated with formic acid and 
formaldehyde and isolated as described in Example 16a to afford 40 mg (18% 
yield) of the title compound. TLC Rf 0.37 (10:1CHCl3/MeOH). MS (DCI/NH3) m/e 
271 with 79e r and 273 (M+H)+ with 81 Br. 1 H NMR (CDCI3, 300 MHz) 6: 8.24 (s, 
1 H, ArH), 8.07 (d, J = 6.3 Hz, 1 H, ArH), 7.48 (d. J = 6.3 Hz. 1 H, ArH), 4.34-4.03 (m, 
3H), 3.35-2.80 (m, 2H), 2.14 (s, 3H, CH3), 2.35-1.70 (m, 4H, 2CH 2 ). 
21b. 4-Bromo-3-f1-methvl-2-fSVDvrrnlidinvlmethvlnY v^Dvridine Hydrochloride 

The product of 21a (35 mg) was treated with HCI and isolated as described 
in Example 1b to afford 43 mg (96% yield) of the title compound as a light yellow 
powder, mp 191-193°C. MS (DCI/NH3) m/e 271 with 79s r and 273 (M+H)+ with 
81 Br. 1H NMR (D3O, 300 MHz) 5: 8.32 (s, 1H, ArH). 8.14 (d, J = 5.3 Hz, 1 H, ArH), 
7.87 (d, J = 5.3 Hz, 1 H, ArH), 4.69 (dd. J = 3.3, 1 1 .4 Hz. 1 H, OCHH), 4.42 (dd, J = 
7.0, 11.4 Hz, 1H, OCHHJ. 4.08-3.98 (m. 1H. NCH). 3.83-3.76 (m. 1H, NCH), 3.32- 
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3.22 (m, 1H, NCH), 3.14 (s, 3H. NCH 3 ), 2.44-2.02 (m, 4H, 2CH 2 ). Anal. Calc. fo 
CliHi 7 N2OCl2Br Q.10 Et 2 0: C, 38.96; H, 5.16; N, 7.93. Found: C, 39.22; H 
4.94; N, 8.28. 



Example 22 

3-ri-Methvl-5-methvl.2./SWny rrolidinvlmeth v lny U 




22a. 3-(2-oxo-5-/S^pyrr 9lidinvlmethylnyy) | 

To a solution of triphenylphosphine (52.46g, 0.20 mol) in 400 mL of 
anhydrous THF at 0°C was added diethyl azodicarboxylate (31.49 ml, 0.20 mol) 
dropwise. The mixture was stirred at 0°C for 30 minutes, then brought to room 
temperature. {S)-5-(Hydroxymethyl)-2-pyrrolidinone (Aldrich Chemical Co., 
15.19g, .13 mol) and 3-hydroxypyridine (19.02g, 0.20 mol) were added to the 
reaction vessel, and stirre for 16 hours. Solvent was removed in vacuo. The 
residue was diluted with CH 2 CI 2 and washed with 1N NaOH. After a brine wash 
(2X). the organic layer was dried over MgS0 4 . The residue was purified by silica 
gel flash chromatography using a gradient from 100% CHCI3 to 10% 
MeOH/CHCb (purification system was run twice), then recrystallized with ethyl 
acetate to give 4.0 g (16%) of the title compound as a white powder, m.p. = 121- 
122°C. TLC R,=0.31 (10%MeOH/CHCI 3 ). MS (DCI/NH3) m/e: 193 (M + H)+ and 
210 (M + NH 4 +)+. 1H NMR (CDCI3, 300 MHz) 8.32-8.30 (m, 1H), 8.27 (dd, 
J=4.40, 1.50 Hz, 1H), 7.25-7.16 (m, 2H), 6.17 (br s, 1H). 4.14-4.08 (m, 1H)', 4.05 
(dd. J=8.80, 3.70 Hz, 1H), 3.89 (dd, J=8.80. 7.70 Hz, 1H), 2.49-2.23 (m, 3H), 1.99- 
1.87 (m, 1H). Anal. Calc. for C 10 H 12 N 2 O 2 : C, 62.49; H, 6.29; N, 14.57; Found C 
62.53; H, 6.25; N, 14.71. 

!2b, 3-(1 -Methvl-2-OX0.5.^Upyrrn|iri.ny. m , 

To a solution of the compound from Example 22a (0.100 g, 0.52 mmol) in 
anhydrous THF at 0°C was added NaH (80% dispersion, 0.02g, 0.83 mmol) was 
added, and the reaction mixture was stirred for 20 minutes at this temperature. 
The reaction was then warmed to room temperature, and iodomethane (0.06 ml, 
0.89 mmol) was added via syringe. After starting material was consumed, 
NaHCOa was added to the reaction followed by CH 2 CI 2 . The desired compound 
was extracted from the aqueous phase, and the organic layer was subjected to a 
brine wash (2X). The organic layer was dried over MgS0 4 . The residue was 
purified by silica gel flash chromatography (5%MeOH/CHC 3 ) to give 0.1 07g 
(100%) of the title compound as a white powder. m.p. = 73-74'C. MS (DCI/NH3) 
m/e: 207 (M + H)+ and 224 (M + NH 4 +)+ 1H NMR (CDCI3, 300 MHz) 8: 8.33-8.28 
(m, 2H), 7.24-7.18 (m, 2H), 4.14 (dd, J=9.50, 4 Hz, 1H), 4.04 (dd, J=9.50, 4.40 Hz, 



WO 94/08992 



PCT/US93/09662 



59 



1H), 3.95-3.89 (m, 1H), 2.92 (s, 3H), 2.55-2.50 (m, 1H), 2.45-2.21 (m, 2H), 2.02- 
1,94 (m, 1H). Anal. Calc. for C-11H14N2O2: C, 64.06; H, 8.84; N, 13.58; Found C 
64.07; H, 6.67; N, 1 3.67. [a]25D=+37.30° (c=1 .03, MeOH). 
22c. 3-n-Methvl-S-mftth v |.9.(SWpvrrondin vtmethvloxv\pyririino 

To a solution of the product of step 22b {0.400g, 1.94 mmol) In anhydrous 
THF at 0°C was added MeMgCI (Aldrich Chemical Co., 3M solution in THF, 1.94 
ml, 5.80 mmol). An immediate precipitate formed in the reaction, but the reaction 
was stirred at this temperature for 2 hours. The reaction was then brought to 
room temperature and sonicated for 30 minutes followed by stirring for an hour. 
After the starting material was consumed the reaction was quenched with MeOH. 
Bromocresol green indicator was added followed by enough 2N HCI/MeOH to 
turn the color of the reaction mixture yellow (acidic pH). Sodium 
cyanoborohydride (.182g, 2.92 mmol) was added to the reaction and the mixture 
was stirred for an additional 3 hours (adding 2N HCI/MeOH to maintain the pH). 
Saturated K2CO3 was added to the reaction mixture slowly. After the aqueous 
phase tested basic, CH 2 CI 2 was added to extract the desired material. The 
organic layer was then washed with a brine solution (2X) and dried over MgS0 4 . 
The resulting material was purified by silica gel flash chromatography 
(10%MeOH/CHCl3) to give 0.1 70g (42.5%) of the c/s -5*-methyl compound and 
0.057g (14%) of the trans -5*-compound ( the data for the as compound given). 
MS (DCI/NH3) m/e: 207 (M + H)+ 1H NMR (CDCI3. 300 MHz) 8: 8.32 (m, 1H), 
8.20 (t, J=3 Hz, 1 H), 7.20-7.18 (m, 2H), 4.05 (dd. J=9.20, 5.50 Hz, 1 H), 3.89 (dd, 
J=9.20. 6.25 Hz, 1H), 2.80-2.75 (m, 1H), 2.41 (s, 3H), 2.40-2.37 (m, 1H), 2.01-1.87 
(m, 2H), 1.65-1.61 (m. 1H), 1.47-1.44 (m, 1H), 1.13 (d, J=6.25 Hz, 3H). 
22d. 3-M-Methvl-5-m e thvl-P.rR\.p V rroiidinvlmPthv| 0 xv^vririinft riihvdrochlnririp 




The free base from step 22c was dissolved in diethyl ether and brought to 
0°C with stirring. The solution was treated with diethyl ether saturated with 
hydrogen chloride gas. The solvent was removed in vacuo. The resulting salt 
was triturated with diethyl ether (2X) and dried under vacuum to give a white 
powder. MS (DCI/NH3) m/e: 207 (M + H)+. 1H NMR (D 2 0, 300 MHz) 8: 8.41 (br s, 
1H). 8.31 (d, J=4.40 Hz. 1H), 7.81-7.77 (m, 1H), 7.66 (dd, J=8.80, 5.10 Hz, 1H), 
4.57 (dd, J=11.40, 3 Hz, 1H), 4.44 (dd, J=8.80, 5.90 Hz, 1H), 4.03-3.96 (m, 1H), 
3.61-3.53 (m, 1H), 3.03 (s, 3H), 2.43-2.30 (m, 2H), 2.14-2.03 (m. 1H), 1.92-1.81 
(m, 1H), 1.47 (d, J=6.6 Hz, 3H). Anal. Calc. for C 12 H 18 N 2 O*2.20 HCI: C, 50.31; H, 
7.1 1;N, 9.78; Found C, 50.07; H, 7.10; N, 9.77. [a] 25 o=+8.60° (c=1, MeOH). 
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Example 93 

3-fffi3/7ff-1-MfithYl-4-hVf1rpxv.RfS)-PVrrolidinv»m ft thvlnw^v ri H i no d ihvrirnrhlnn^ 

ixvlpvridine 



A sample of lactam (1 .0 g, 5.6 mmol) from Example 22b was dissolved in 
25 mL of THF and cooled to -78°C. Lithium diisopropyl amide (LDA) solution (1.5 
M in hexane, 7.5 mL, 1 1 .2 mmol) was added, and the solution was stirred at - 
78°C for 30 min. Next a solution of 1.17 g (5.12 mmol) of (+)- 
(camphorsulfonyl)oxazirldine in 24 mL of THF was added. After stirring at -78°C 
for 1 h, the reaction mixture was gradually warrmed to room temperature and 
allowed to stir for an additional 2 hours . The reaction was then quenched by 
addition of methanol. The resultant mixture was stirred for 15 min, and the 
solvent was removed. The residue was subjected to flash chromatography on 
silica gel using chloroform:methanol (10:1) as eluent. The title compound was 
isolated as an oil (0.76 g, 69% yield). MS m/e : 223 (M+H)+ 240 (M+NH 4 )+.. 1h 

NMR (CDCI 3 . 300 MHz) 5: 8.37-8.26 (m, 2H). 7.31-7.16 (m, 2H), 4.59 (t. J=7.5 Hz, 
1H,), 4.18 (dd, J= 4.5, 9 Hz, 1H), 4.04 (dd. J=4.5, 9 Hz, 1H), 3.96-3.88 (m, 1H) 
2.96 (s, 3H), 2.52-2.42 (m, 1 H), 2.21 -1 .98 (m, 1 H). 
23b.3-(^ng-1-Methvl-4-hvdroxv.2fffl-pY r rolidinvlmPthy| oxv ^vririin ft 

To the product of Example 23a (275 mg, 1 .24 mmol) in 5 mL of THF was 
added, under nitrogen and dropwise over a period of 5 minutes, 2.5 mL (2.48 
mmol) of a 1 M solution of borane in THF. After stirring under reflux for 3 hours, 
methanol was added dropwise, and the reaction was stirred for an additional 15 
minutes. The solvent was then removed in vacuo, affording a white solid borane 
complex. This solid was dissolved in anhydrous ethanol. Cesium fluoride (0.286 
g, 2.48 mmol) was added, and the resultant solution was stirred under reflux for 
16 hr. Evaporation of the solvent provided a white solid which was purified on a 
silica gel column, eluting with chloroformrmethanol (10:1) to give 220 mg of the 
desired alcohol as an oil in 85% yield. TLC R f = 0.38 (10:1 CHCI 3 : MeOH ) MS 
m/e: 209 (M+H)+. 1H NMR (CDCI3, 300 MHz) 5: 8.35-8.33 (m, 1H), 8.25-8.21 (m, 
1H), 7.24-7.20 (m, 2H), 4.54-4.44 (m, 1H), 4.08-3.97 (m, 2H), 3.52-3.44 (m, 1H), 
3.08-2.99 (m. 1 H), 2.51 (s, 3H), 2.43-2.33 (m, 1 H), 2.1 4-1 .97 (m, 2H). 

23C,3'(frans-1-Methvl-4-hvdroxv-2tS^-nvr r olidinvlmftth v l oxv ^ PV ririinfl 
dihvdrochloririft 

A solution of HCI in ether was added dropwise to a stirred solution of 
compound 23b (220 mg, 1.05 mmol) in diethyl ether at room temperature. The 
resultant white precipitate was then collected by centrifugation and triturated with 
three portions of diethyl ether. The hygroscopic solid was obtained in 59% yield 
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(174 mg). mp145-147°C. MS m/e (DC!/NH 3 ): 209 (M+H+), 226 (M+NH4+). 1 H 
NMR (D 2 0, 300 MHz) 8: 8.42 (d, J=2.6 Hz, 1H), 8.32 (d, J=4.4 Hz, 1H), 7.77- 
7.85(m, 1H), 7.66 (dd, J=5.1, 8.4 Hz, 1H), 4.64 (dd, J=4.6, 1 1.0 Hz, 1H), 4.44 (dd, 
J= 5.9, 1 1 .4 Hz, 1 H), 4.34-4.21 (m, 1 H), 4.04-3.89 (m, 1 H), 3.20-3.1 1 (m, 1 H), 
3.34-3.03 (m, 1H), 3.15 (s. 3H) t 2.38-2.34 (m, 2H). Anal. Calc. for 
CllHi 6 N202«1.9 HCK).1H 2 0: C, 47.30; H, 6.53; N, 10.01. Found: C, 47.63; H, 
6.42; N, 9.68. [a] D = + 2.2° (c 0.41 , MeOH). 

Example 24 

3-ffrans-1.4-Dimethvl-2fS^nvrrnl»dinvlmethvlf) xv^Dvririinft riihydrochloririft 

24a.3-ffrans-1.4-Dimethvl-5.oxo-2fSVpvrrotiriin vlmethvlnYy) fty ridjf™ 

A sample of lactam (0.17 g, 0.83 mmol) from Example 22b was dissolved 
in 5 mL of THF and cooled to -78°C. Lithium diisopropyl amide (LDA) solution 
(1 .5 M in hexane, 1 .1 1 mL, 1 .66 mmol) was added, and the solution was stirred at 
0°C for 30 min. After cooling to -78°C, Mel (0.1 mL, 1 .66 mmol) was added, and 
the resultant solution was allowed to stir at -78°C for 3 hours. The reaction was 
then quenched by addition of saturated ammonium chloride aqueous solution. 
The resultant mixture was stirred for 15 min, and the aqueous layer was 
extracted with ethyl acetate. The combined organic layers were then dried over 
anhydrous magnesiun sulfate. Filtration and concentration under vacuum 
provided a yellow oil, which was subjected to flash chromatography on silica gel 
using chloroformrmethanol (10:1) as eluent. The title compound was isolated as 
an oil (0.13 g, 75% yield). TLC R, = 0.10 (100:1 CHCI 3 : MeOH ). MS m/e : 221 
(M+H)+, 238 (M+NH 4 )+.. 1H NMR (CDCI3, 300 MHz) 8: 8.37-8.22 (m, 2H), 7.35- 
7.23(m, 2H), 4.09 (ddd, J=4.5, 9.0. 15 Hz, 2H,), 3.89-3.81 (m, 1H), 2.93 (s, 3H), 
2.73-2.60 (m, 1H), 2.29-2.20 (m, 1H),.1.23 (d, J=8 Hz, 3H). 
24b.3-rrrans-1.4-Dimflthvl-2rSVnvrr olidinvlmftthvlo XV \Dvridinft 

To the product of Example 24a (130 mg, 0.63 mmol) in 4 mL of THF was 
added, under nitrogen and dropwise over a period of 5 minutes, 1.25 mL (1.25 
mmol) of a 1 M solution of borane in THF. After stirring under reflux for 2 hours, 
methanol was added dropwise and the reaction was stirred for an additional 1 5 
minutes. The solvent was then removed in vacuo, affording a white solid borane 
complex. This solid was dissolved in anhydrous ethanol. Cesium fluoride (0.21 8 
g, 1.89 mmol) was added, and the resultant solution was stirred under reflux for 
1 6 hr. Evaporation of the solvent provided a white solid which was purified on a 
silica gel column, eluting with chloroform:methanol (10:1) to give 59 mg of the 
desired methyl compound as an oil in 46% yield. TLC R f = 0.16 (10:1CHCI 3 : 
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MeOH ). MS m/e: 207 (M+H)+. 1H NMR (CDCI3, 300 MHz) 5: 8.34 (brs, 1H). 
8.26-8.18 (m. 1H), 7.25-7.18 (m, 2H), 4.20-4.02 (m, 1H), 4.02-3.90 (m, 1H), 3.33- 
3.21 (m, 1H), 3.00-2.80 (m, 1H), 2.54 (s, 3H), 2.45-2.30 (m, 1H), 2.12-1.91 (m, 
2H), 1 .74-1 .54 (m, 1 H), 1 .06 (d, J=8.0 Hz). 

24c,3-(frang-1,4-Pimmhvl-2fS)-Dvrrolidinvlmethvloxv\p vridina riihvrirnnh^^ 

A solution of HCI in ether was added dropwise to a stirred solution of 
compound 24b (55 mg, 0.27 mmol) in diethyl ether at room temperature. The 
resultant white precipitate was then collected by centrifugation and triturated with 
three portions of diethyl ether. The hygroscopic solid was obtained in 56% yield 
(42 mg). mp223-225°C. MS m/e (DCI/NH3): 207 (M+H+). 1 H NMR (DMSO-d 6 , 
300 MHz) 6: 8.65 (d, J=2.9 Hz, 1H), 8.46 (d. J=5.9 Hz, 1 H), 8.00 (dd, J=2.3. 8.7 
Hz, 1H), 7.81 (dd, J=5.2, 8.7 Hz, 1H), 4.60 (dd, J=8.1, 11.0 Hz, 1H), 4.49 (dd, J= 
3.5. 10.4 Hz, 1H), 4.04-3.95 (m, 1H), 3.64-3.58 (m, 1H), 2.92 (s, 3H), 2.80-2.74 (m, 
1 H), 2.45-2.40 (m, 1 H), 2.04-1.98 (m, 1 H), 1 .95-1 .89 (m, 1 H), 1 .07 (d, J=6.9 Hz, 
3H). Anal. Calc. for Ci2Hi 8 N 2 O»2.0 HCI: C, 51.62; H. 7.22; N, 10.03. Found: C, 
51 .84; H. 7.36; N, 9.90. [ct] D = -2.3° (c 0.32, MeOH). 



Example 25 

3-(frar?S-1-Methvl-4-ethvl-2(SWDvrroliriinv|methvlow\py ri dinft riih U rim^|^ H 0 

A sample of lactam (0.195 g, 0.94 mmol) from Example 22b was dissolved 
in 3 mL of THF and cooled to -78°C. Lithium diisopropyl amide (LDA) solution 
(1 .5 M in hexane, 0.94 mL, 1 .42 mmol) was added and the solution was stirred at 
-78°C for 30 min. Etl ( 0.1 13 mL, 1.42 mmol) was then added and the resultant 
solution was allowed to stir at -78 °C for 3 hours and gradually warmed to room 
temperature. The reaction was quenched by addition of saturated ammonium 
chloride aqueous solution. The resultant mixture was stirred for 15 min and the 
aqueous layer was extracted with ethyl acetate. The combined organic layers 
were then dried over anhydrous magnesiun sulfate. Filtration and concentration 
under reduced pressure provided a yellow oil which was subjected to flash 
chromatography on silica gel using chloroform :methanol (10:1) as eluent. The 
title compound was isolated as an oil (0.216 g, 98% yield). TLC R { = 0.42 
(10:1CHCI 3 : MeOH ). MS m/e : 235 (M+H)+. 1H NMR (CDCI3, 300 MHz) 8: 
8.35-8.29 (m, 1H), 8.30-8.25 (m, 1H), 7.25-7.16 (m, 2H), 4.18-4.00 (m 2H), 3.89- 
3.75 (m, 1H), 2.94 (s, 3H), 2.62-2.48 (m, 1H), 2.23-2.12 (m, 1H),.2.00-1.80(m, 
2H), 1 .70-1 .30 (m, 2H), 0.98 (t, J=7.5 Hz, 3H). 
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25b.3-ffrans-1-Methvl-4-e thv[-2rs^pvrrolidinvlmethvloxv^pvririinft 

To the product of Example 25a (230 mg, 0.63 mrtiol) in 2 mL of THF was 
added under nitrogen and dropwise over a period of 5 minutes 2.95 mL (2.95 
mmol) of a 1 M solution of borane in THF. After stirring under reflux for 3 hours, 
methanol was added dropwise and the reaction stirred for an additional 1 5 
minutes. The solvent was then removed in vacuo, affording a white solid borane 
complex. This solid was dissolved in anhydrous ethanol. Cesium fluoride (0.335 
g, 2.95 mmol) was added, and the resultant solution was stirred under reflux 
overnight. Evaporation of the solvent provided a white solid which was purified 
on a silica gel column, eluting with chloroformrmethanol (10:1) to give 104 mg of 
the desired methyl compound as an oil in 48% yield. TLC Rf = 0.14 (10:1CHCI 3 : 
MeOH ). MS m/e: 221 (M+H)+. 1H NMR (CDCI 3 , 300 MHz) 6: 8.35-8.31 (m, 1H), 
8.24-8.19 (m, 1H), 7.24-7.18 (m. 2H), 4.08-3.86 (m, 2H), 3.25-3.15 (m, 1H), 2.80- 
2.66 (m, 1H), 2.47 (s, 3H), 2.20-2.04 (m, 1H), 1.99 (dd, J=9.0, 9.6 Hz, 1H), 1.95- 
1.85 (m, 1H), 1.72-1.57 (m, 2H), 1.48-1.31 (m, 2H), 0.92 (t, J=8.0 Hz). 
25c, 3-(r^g-1-Methvl-4-ethvl-2rS\.nvrrnit riinvlmethvlny y \p yri^ino 



A solution of hydrochloride in ether was added dropwise to a stirred 
solution of compound 25b (55 mg, 0.27 mmol) in diethyl ether at room 
temperature. The resultant white precipitate was then collected by centrifugation 
and triturated with three portions of diethyl ether. The hygroscopic solid was 
obtained in 56% yield (42 mg). mp219-220°C. MS m/e (DCI/NH3): 221 (M+H+) 
1H NMR (D 2 0, 300 MHz) 8: 8.45 (d, J=2.6 Hz, 1H), 8.36 (d, J=5.1 Hz, 1H), 7.91 
(m, 1H), 7.76 (dd, J=5.2, 8.8 Hz, 1H), 4.59 (dd, J=2.9, 11.0 Hz, 1H), 4.43 (dd, J= 
5.9, 11.0 Hz, 1H), 4.04-3.95 (m, 1H), 4.08-4.00 (m, 1H), 3.83 (dd, J=6.6, 11.0 Hz), 
3.05 (s, 3H), 2.95 (t. J=1 1.0 Hz, 1H), 2.45-2.00 (m, 2H), 2.14-2.03 (m, 1H), 1.60- 
1.45 (m. 2H), 0.94 (t, J=7.4 Hz, 3H). Anal, Calcd. for C13H20N2CM.9 HCI: C, 
53.92; H, 7.62; N, 9.67. Found: C, 54.00; H, 7.59; N, 9.35. [a] D = -1 .9° (c 0 37 
MeOH). 

Example 26 

3-M-Methvl-2-niDecQlinvlmPthvloxv^pvririinP oxalate salt 



1-Methyl-2-piperidinemethanol (0.857 g, 6.65 mmol) was allowed to react 
with 3-bromopyridine (0.67 mL, 6.98). cuprous bromide (0.257 g, 1.33 mmol), 
triphenylphosphine (0.698 g, 2.66 mmol) and potassium carbonate (0.919 g, 6.65 
mmol). The reaction mixture was heated to 90 °C and stirred for 120 hr, then 
cooled to 25 °C, acidified with HCI (1.5 M; 35 mL) and washed with ethyl acetate 



WO 94/08992 



PCT/US93/09662 



64 

(4 x 50 mL). The aqueous layer was basified with saturated aqueous potassium 
carbonate, and the product was extracted with chloroform (6 x 1 00 mL), dried 
(MgS04) and concentrated in vacuo to an oil. The crude product was purified to 
yield the free base of the title compound after chromatography on silica gel 
(CHCl3/MeOH/NH40H 1500:30:3) . The amine was dissolved in EtOH (1 mL) 
and treated with oxalic acid (ca. 65 mg) to yield after recrystallization 
(EtOH/Et20) the title compound (0.088 g. 4%) as a hygroscopic white solid. MS 
(DCI/NH3) m/e: 207 (M+H)+. 1H NMR (D 2 0, 300 MHz) 8: 8.46 (d, J=2.9 Hz, 1H), 
8.37 (dd, J=5.2, 1.1 Hz, 1H), 7.94 (ddd, J=8.8. 2.9, 1.1 Hz, 1H). 7.80 (dd, J=8.8, 
5.9 Hz, 1H), 4.69 (dd, J=11.2, 3.1 Hz, 1H), 4.35 (dd. J=11.2, 2.0 Hz. 1H), 3.56 (m, 
2H), 3.18 (dt, J=12.7, 3.0 Hz, 1H), 2.93 (s, 3H), 2.05-1.65 (m, 6H). Anal, calcd for 
Ci4H20N2O5'0.4 C2H2O4: C, 53.49; H. 6.31 ; N, 8.43. Found: C, 53.39; H, 6.09; 
N, 8.19. 

Example 27 

4-Methvl-3-f2-fS)-Pvrrolidinvlmethvloxv\py ridine dihyrirnr>hlnrifo 

27a. 4-Methvl-3-Dvridvl diethvlcarhamata 

To the cooled (-78°C) solution of TMEDA (516.5 mg, 4.40 mmol) in 
anhydrous THF (10 mL) was slowly added seobutyl lithium (1.3 M. 3.38 mL, 4.40 
mmol), and the resultant solution was stirred at -78°C for 10 minutes. 3-Pyridyl 
diethylcarbamate (776 mg, 4.0 mmol) in THF (3 mL) was slowly added, and the 
mixture was stirred at -78°C for 30 minutes, lodomethane (275.4 uL, 4.40 mmol) 
was then added, and the mixture was stirred for two hours. Brine (1 mL) was 
added, and the mixture was slowly warmed up to room temperature. The organic 
layer was decanted, and the residue washed with ethyl acetate (3X5 mL). The 
combined organic layers were dried (Na2S04) and concentrated. The crude 
product was purified by chromatography on silica gel eluting with hexane/EtOAc 
(1 :2 and 0:1) to provide 765 mg (92% yield) of the title compound. TLC Rf 0.28 
(1 :2 hexane/EtOAc). MS (DCI/NH3) m/e 209 (M+H)+. 1 H NMR (CDCI3, 300 
MHz) 8: 8.34 (s. 1 H, ArH), 8.32 (d, J = 6.9 Hz, 1 H, ArH), 7.16 (d, J = 6.9 Hz, 1 H, 
ArH), 3.48 (q, J = 7.5 Hz, 2H, NCH 2 ). 3.41 (q, J = 7.5 Hz. 2H, NCH 2 ). 1 .28 (t, J = 
7.5 Hz, 3H, CH 3 ), 1 .22 (t, J = 7.5 Hz, 3H, CH3). 
27b. 4-Methvl-3-Pvridinol 

To the solution of 4-methyl-3-pyridyl diethylcarbamate (760 mg, 3.65 
mmol) in methanol (10 mL) was added sodium methoxide (623 mg, 11.0 mmol), 
and the resultant mixture was refluxed for 20 hours. Methanol was evaporated, 
EtOAc (15 mL) and water (1 mL) were added, pH was adjusted to 9 using 20% 
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yield H2SO4. Organic layer was decanted and the residue washed with EtOAc 
(3X5 mL). The combined organic layers were dried (Na2S04) and concentrated. 
The crude product was purified by flash chromatography on silica gel eluting with " 
CHCl3/MeOH (20:1 and 10:1) to provide 325 mg (82% yield) of the title 
compound. TLC Rf 0.30 (10:1 CHCl3/MeOH). MS (DCI/NH3) m/e 110 (M+H)+. 
1H NMR (CDCI3. 300 MHz) 8: 8.24 (s, 1H, ArH), 7.98 (d, J = 7.2 Hz, 1H, ArH), 7.16 
(d, J - 7.2 Hz, 1 H, ArH). 

27c. 4-Methvl-3W2-(SlDvrrolidinvlmethvloxvtovridine 

(S)-1-t-Butoxycarbonyl-2-pyrrolidinemethanol (590 mg, 2.94 mmol), 4- 
methyl-3-pyridinol (320 mg, 2.94 mmol), DEAD (509 uL, 3.23 mmol) and PPh3 
(848 mg, 3.23 mmol) in THF (1 00 mL) were allowed to react as described in 
Example 2a. Solvent was removed, and the residue was chromatographied with 
CHCl3/MeOH (10:1) to provide 1.8 g of the crude mixture. This material was 
immediately treated with trifluoroacetic acid (2.0 mL) at room temperature for 3 
hours, and excess trifluoroacetic acid was removed under reduced pressure. 
Water (3 mL) and EtOAc (20 mL) were added, and the mixture was stirred for 5 
minutes. The organic layer was decanted, and the residue washed with EtOAc 
(3X10 mL). The combined organic layers were dried (Na2S04) and evaporated. 
The crude product was purified by flash chromatography on silica gel eluting with 
CHCl3/MeOH/NH40H (10:1:0.02 and 10:1.5:0.1) to provide 52 mg (14% yield 
from 4-methyl-3-pyridinol) of the title compound. TLC Rf 0.18 (10:1 :0.02 
CHCl3/MeOH/NH40H). MS (DCI/NH3) m/e 193 (M+H)+. 1 H NMR (CDCI3, 300 
MHz) 8: 8.16 (s, 1H, ArH), 8.12 (d, J = 6.9 Hz. 1 H, ArH), 7.07 (d, J = 6.9 Hz, 1 H, 
ArH), 4.12-4.00 (m, 2H, OCH2). 3.75-3.63 (m, 1H, NCH), 3.18-3.02 (m, 2H, 
NCH2), 2.24 (s, 3H, NCH3), 2.08-1 .64 (m, 4H, 2CH2). 
27d. 4-Methvl-3-(2-(SVDvrrolidinvl methvloxvtovridine dihvdrochlnrirte 

The product of 27c was treated with HCI and isolated as described in 
Example 1 b to afford a cream colored powder. MS (DCI/NH3) m/e 1 93 (M+H)+. 
1H NMR (D 2 0, 300 MHz) 8: 8.34 (s, 1H, ArH), 8.33 (d, J = 5.5 Hz, 1H, ArH), 7.82 

(d, J - 5.5 Hz, 1H, ArH), 4.60 (dd, J = 3.3, 10.3 Hz, 1 H, OCHH), 4.37 (dd, J = 7.4, 
10.3 Hz, 1H. OCHH), 4.25-4.17 (m, 1H, NCH), 3.44 (t, J =7.4 Hz, 2H, NCH3), 2.50 
(s, 3H, NCH3), 2.40-1.98 (m, 4H, 2CH2). Anal. Calc. forCnHi8N2OCl2-0.30 
HCI: C, 47.85; H, 6.76; N, 10.21. Found: C, 48.01; H, 6.44; N, 10.19. 
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Example 29 

28a. 5-Bromo-3-n -methv l-2-fS^Dvrmlidinvlm8thvloxv^p V ririinP 

(S)-1-Methyl-2-pyrrolidinemethanol (4.96 g, 40.0 mmol) was carefully 
added to the suspension of sodium hydride (1 .32 g, 80% yield, 44.0 mmol) in 
anhydrous DMF (100 mL). After stirring at room temperature for 0.5 hour, 3,5- 
dibromopyridine (4.83 g, 20.0 mmol) was added, and the reacting mixture was 
allowed to stir at 50°C for 4 hours. Another 5.0 mL of water was added, and the 
solvents were removed under reduced pressure. Again, water (5.0 mL) was 
added, and the slurry was washed extensively with EtOAc (4X40 mL). The 
combined organic layers were dried (Na2S04) and concentrated. The crude 
product was purified by flash chromatography on silica gel eluting with 
CHCl3/MeOH (1 0:1 ) to provide 4.50 g (83% yield) of the title compound. TLC Rf 
0.33 (10:1 CHCl3/MeOH). MS (DCI/NH3) m/e 271 with 79e r and 273 (M+H)+ 
with 81 Br . 1 H NMR (CDCI3. 300 MHz) 8: 8.37 (d, J = 1 .8 Hz, 1H, ArH), 8.26 (d, J 
- 2.7 Hz, 1 H. ArH), 7.39 (dd. J = 1.8, 2.7 Hz, 1 H, ArH), 4.01 (dd, J = 3.3,1 1 .1 Hz, 

IH, OCHH), 3.93 (dd, J = 6.9. 1 1.1 Hz, 1H, OCHii), 3.20-3.10 (m, 1H, NCH), 
2.76-2.64 (m, 1H, NCH), 2.49 (s, 3H, NCH3), 2.40-2.28 (m, 1H, NH), 2.44-2.00 (m, 
4H, 2CH2). 

28b. 5-Bromo-3-( 1 -methvl-2-fSVDvrrnlidinvlmethyln v vtovridin^ riihvdrochlorirte 

The product of 28a (190 mg) was treated with HCI and isolated as 
described in Example 1b to afford 170 mg (71% yield) of the title compound as a 
light yellow powder, mp 223-225°C. MS (DCI/NH3) m/e 271 with 79 Br and 273 
(M+H)+ with 81 Br. 1 H NMR (CDCI3, 300 MHz) 8: 8.42 (d. J = 1 .5 Hz, 1 H, ArH), 
8.35 (d, J = 2.7 Hz, 1 H, ArH), 7.93 (dd, J = 1 .5, 2.7 Hz, 1 H, ArH), 4.55 (dd, J = 3.0. 

I I . 4 Hz. 1 H, OCHH), 4.38 (dd, J = 6.3, 1 1 .4 Hz, 1 H, OCHHJ, 3.98-3.86 (m, 1 H, 
NCH), 3.80-3.72 (m, 1H, NCH), 3.30-3.20 (m. 1H, NCH), 3.03 (s, 3H, NCH3), 
2.44-2.00 (m, 4H, 2CH2). Anal. Calc. for C12H16N2OCIF3O.IO Et20: C, 38.96; 
H, 5.16; N, 7.93. Found: C, 39.05; H, 4.80; N, 8.27. 



Example 29 

2-Methvl-3-f2-rSVazetifiinvlmethvlnYy ^Dvridine rii hydrochloride 



l-3-rN-f-Butoxvcarbonvl. ?-fSVazft«iriiny|methvloxvi pypd'" 
An ice-cooled solution of the product from Example 7b (0.623 g, 3.33 
mmol) was allowed to react with 2-methyl-3-hydroxypyridine (0.399 g, 3.66 mmol) 
under the conditions of Example 2a to yield the title compound (0.51 1 g, 55%). 
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MS (DCI/NH3) m/e: 279 (M+H)+. 1H NMR (CDCI3, 300 MHz) 6: 8.10 (dd, J=4.4, 
1 .5 Hz, 1 H), 7.1 5-7.06 (m, 2H), 4.54-4.53 (m, 1 H), 4.35-4.34 (m, 1 H), 4.07 (dd, 
J=10.3, 2.6 Hz, 1H), 3.96-3.88 (m, 2H), 2.51 (s, 3H), 2.42-2.31 (m, 2H), 1.40 (s 
9H). 

29b. 2-Methvl-3-r2-(Sl-azetidinvlmethvlnY V l pyridine riihydrochloridfl 

The product from Example 29a (0.181 g, 0.65 mmol) was treated with 
saturated ethanolic HCI (5 mL). After 4 hr, the volatiles were removed in vacuo, 
and the dihydrochloride was recrystallized (EtOH/Et20) to yield the title 
compound (0.157 g, 96% yield) as a white solid. mp153-154°C. MS(DCI/NH3) 
m/e: 179 (M+H)+. 1H NMR (D 2 0, 300 MHz) 8: 8.21-8.19 (d. J=5.5 Hz, 1H). 7.94 
(d, J=8.4 Hz, 1H), 7.74 (dd, J=5.5. 3.1 Hz, 1H), 5.04-4.93 (m, 1H), 4.61-4.50 (m, 
2H), 4.21-4.08 (m, 2H), 2.78-2.65 (m, 2H), 2.69 (s, 3H). Anal. calc. for 
C10HI6CI2N2OO.8H2O: C, 45.23; H, 6.68; N, 10.55. Found: C. 45.15; H, 6.85; 
N, 10.51. [a]t> 23 +7.27 0 (c =0.1 1 in MeOH). 



Example 30 

3-M -methvl-2-fS^PvrrQlidinvlmethvlow\qiii nolln6 hvrimchlnrfr te 

To (S)-1-methyl-2-pyrrolinylmethanol (1.07 mL, 9.0 mmol) and 3- 
bromoquinoline (1.46 mL, 10.8 mmol) was added triphenylphosphine (472 mg, 
1.8 mmol), CuBr (129 mg, 0.9 mmol) and K2CO3 (1.19g, 9 mmol), and the 
reaction mixture was heated to 100°C for 16 hours. The reaction mixture was 
then quenched with 10% aq. HCI, and the aqueous layer was washed with 
methylene chloride (4x15 ml). The aqueous layer was adjusted to approx. 
pH 14 with K2CO3 (solid) and extracted with methylene chloride (2 x 30 ml). The 
organic extracts were dried (MgS0 4 ) and concentrated to afford the crude 
product as an oil. Chromatographic purification (silica, MeOH/CHCI 3 ) afforded 
the product as a free base (571 mg, 26%), which was converted to the 
hydrochloride salt in a manner similar to Example 1b, using ether instead of 
ethanol. MS(DCI/NH3) m/e: 243 (M+H)+; 1H-NMR (D 2 0) 8: 8.79 (d, 1H), 8.14 (d, 
1 H), 8.09-8.0 (m, 2H), 7.86-7.73 (m, 2H), 4.67 (dd, 1 H), 4.50 (dd, 1 H), 4.02 (m, 
1H), 3.80 (m, 1H), 3.30 (m, 1H), 3.10 (s, 3H), 2.53-2.38 (m, 1H), 2.30-2.09 (m, 2H). 
Anal. Calc for C 15 H 18 N 2 02HCI: C, 57.15; H, 6.39; N, 8.89; Found: C. 57 14; H 
6.35; N, 8.90. 
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To (S)-1 -methyl-2-pyrrolinyl methanol (1 .07 mL, 9.0 mmol) and 4- 
bromoisoquinoline (2.24 g, 10.8 mmol) was added triphenylphosphine (472 mg, 
1 .8 mmol), CuBr (1 29 mg, 0.9 mmol) and K 2 C0 3 (1 .1 9g, 9 mmol), and the 
reaction mixture was heated to 100°C for 16 hours. The reaction mixture was 
then quenched with 10% aq. HCI and the aqueous layer was washed with 
methylene chloride (4x15 ml). The aqueous layer was then adjusted to approx. 
pH 14 with K 2 C0 3 (solid) and extracted with methylene chloride (2 x 30 ml). The 
organic extracts were dried (MgS0 4 ) and concentrated to afford the crude 
product as an oil. Chromatographic purification (silica, MeOH/CHCI 3 ) gave the 
product as a free base (216 mg, 10%), which was converted to the hydrochloride 
salt in a manner similar to Example 1 b, using ether instead of ethanol. 
MS(DCI/NH3) m/e: 243 (M+H)+; 1 H-NMR (D 2 0) 8: 9.33 (s, 1H), 8.50-8.42 (m, 
2H), 8.25-8.18 (m, 2H), 8.1 1-8.03 (m, 1H), 4.96-4.72 (m, 2H; partially buried under 
H 2 0 peak), 4.16 (m, 1H), 3.84 (m, 1H), 3.25 (m, 1H), 3.17 (s, 3H), 2.57-2.46 (m, 
1H), 2.36-2.16 (m, 2H). Anal. Calcfor C 15 H 18 N 2 O0.5 H 2 C-2HCI: C, 55.56; H, 
6.53; N, 8.64; Found: C, 55.63; H, 6.28; N, 8.50. 



Example 32 




Under a nitrogen atmosphere, diisopropylamine (16.4 mL, 117.2 mmol) 
was dissolved in THF (1 17 mL) and cooled to -78°C. A 2.5 M solution of n- 
butyllithium in hexane (43 mL, 107.5 mmol) was then added dropwise to the 
solution. After stirring for 15 minutes, 1 -benzyloxycarbonylproline methyl ester 
(25.7 g, 97.7 mmol) in THF (575 mL) was added to the reaction vessel dropwise 
over a 40 minute period. The reaction was allowed to stir for 15 minutes at -78°C, 
then neat ally! bromide (25.4 mL, 293 mmol) was added at a steady rate followed' 
with stirring for 1 5 minutes at -78°C and for an additional 2 hours at between - 
35°C and -25°C. A phosphate buffer solution (-100 mL), pH=7, was next poured 
into the reaction vessel, and the reaction was allowed to warm to ambient 
temperature. The mixture was diluted with EtOAc and then washed in succession 
with 2 U HCI and brine. The organic phase was then dried over Na 2 S0 4 and 
concentrated. The resulting residue was purified using flash chromatography on 
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silica gel with EtOAc/hexane (1 :20 to 1 :1 5 to 1 :10) as the elutant to give 17.8 g of 
a yellow oil, 63% yield. TLC Rf=0.31 (EtOAc/hexane 1 :4). MS (DCI/NH3) m/e 
304(M+H)+. 1H NMR (DMSO-d 6 . 300 MHz) 8: 7.41-7.27 (m, 5H), 5.75-5.64 (m, 
1H), 5.11-4.96 (m, 4H), 3.62-3.28 (m, 5H), 2.92 major conformer and 2.84 minor 
conformer (dd. J=14.0 Hz, 7.0 Hz. 1H), 2.59-2.50 (m, 1H partially buried under 
DMSO), 2. 1 3-1 .94 (m, 2H), 1 .86-1 .77 (m, 2H). 

32b. 1-BenzYlOxvcarhonvl-2-f3-hvdroxvDroDvl^2-fmftthoxvR a rhnnvhp Yrf0 iiH.n Q 
The product from Example 32a (21.0 g, 69.4 mmol) was dissolved in THF 
(70 mL) and 1.0 M borane THF complex ( 45 ml_ 45 mmol) and was added 
dropwise to the reaction vessel under a nitrogen atmosphere over a 40 minute 
period. The reaction was allowed to stir for one hour, then -10 mL of water was 
carefully added followed by the successive addition of 3fi NaOH (16.2 mL, 48.5 
mmol) and 30% hydrogen peroxide (5.5 mL, 48.5 mmol). The mixture was 
allowed to stir for one hour and then was poured into a separatory funnel 
containing -250 mL of water and -15 mL 10% Na 2 S 2 0 3 . The aqueous solution 
was extracted with methylene chloride, (X3) and the organics were combined and 
washed in succession with saturated sodium bicarbonate and brine. The organic 
phase was dried over sodium sulfate and then concentrated. The resulting 
residue was subject to flash chromatography on silica gel using EtOAc/hexane 
(1 :4 to 1 2 to 1 :1 to EtOAc) as the elutant to give 1 2.3 g of a clear viscous oil, 55% 
yield. TLC Rf=0.18 (EtOAc/hexane 1 :1). MS (DCI/NH3) m/e 322 (M+H)+. i'h 
NMR (CDCI3, 300 MHz) 6: 7.37-7.29 (m. 5H), 5.18-5.06 (m, 2H), 3.82-3.45 (m, 
7H), 2.41-1.20 (m, 8H). 

32c. 1-Benzvlnyvparbonvl-2-(m mhoxvnarhnn V n.2-r3-mftthvlsulfonvlowpr^pyl)- 

pvrrolidine 

The product from Example 32b (10.7 g, 33.2 mmol) and triethylamine (4.9 
mL, 34.9 mmol) were combined in THF (133 mL) and cooled to 0°C under N 2 . 
Methanesulfonyl chloride (2.70 mL, 34.9 mmol) was added dropwise, and the 
reaction was stirred for 30 minutes at 0°C. Water was added, and the reaction 
vessel contents were poured into a separatory funnel. The mixture was washed 
successively with 10% citric acid solution and saturated sodium bicarbonate 
solution. The organic phase was dried over sodium sulfate, concentrated, and 
the residue was subjected to flash chromatography on silica gel using 
EtOAc/hexane (1 :1 to 1 :2 ) as the elutant to give 1 1 .0 g of a clear oil, 83% yield. 
TLC Rf=0.25 (EtOAc/hexane 1 :1 ). MS (DCI/NH3) m/e 400 (M+H)+. 1h NMR 
(CDCI3, 300 MHz) 8: 7.36-7.29 (m, 5H), 5.17-5.05 (m, 2H), 4.27-4.07 (m, 2H), 
3.80-3.46 (m, 5H), 2.99 major conformer and 2.93 minor conformer (s, 3H), 2.35- 
1.59 (m,8H). 
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32d. 8-fMethoxy parbonvl)pyrroli2idine 

The product from Example 32c (1 1.0 g, 27.6 mmol) was exposed to 
hydrogen gas at a pressure of 4 atm in the presence of 1 1.0 g of dry 10% 
palladium on carbon in methanol for ~48 hours, monitored by TLC. The reaction 
was filtered when complete and the filtrate evaporated. The remaining crude was 
purified by flash chromatography on silica gel using 2% MeOH in CHCI3 to 5% 
MeOH in CHCI3 to 10% MeOH in CHCI3 to give 4.23 g of a yellow oil, 90% yield. 
TLC Rf=0.53 (10% MeOH in CHCI3). MS (DCI/NH3) m/e 170 (M+H)+. 1h NMR 
(CDCI3, 300 MHz) 8: 3.72 (s, 3H), 3.23 (ddd. J=9.9 Hz, 5.9 Hz, 5.9 Hz, 2H), 2.72 
(ddd. J=9.9 Hz. 6.6 Hz, 6.6 Hz, 2H), 2.30 ("qt", J=6.0 Hz, 2H), 1.85-1.24 (m, 6H). 
32e. 8-HvdroxvDvrrolizirtina 

Lithium aluminum hydride (20.6 ml_ 20.6 mmol) 1.0 M «n THF was added 
dropwise to a solution of the product from Example 32d (2.9 g, 17.1 mmol), and 
the reaction was allowed to stir overnight at ambient temperature. A standard 
workup was done as that found in Fieser and Fieser, Vol. 1, p.584. The 
resulting crude was subject to a kugelrohr distillation (~55°C at 0.3mm) to give 
1 .93 g of a viscous clear oil, 80% yield. TLC Rf=0.40 (CHCl3:MeOH:NH40H 
10:4:1). MS (DCI/NH3) m/e 142 (M+H)+. 1 H NMR (CDCI3, 300 MHz) 8: 3.27 (s, 
2H), 3.03-2.95 (m, 2H), 2.66-2.58 (m, 2H), 1.85-1.64 (m, 6H), 1.61-1.52 (m, 2H). 
32f. 6-Chloro-3-M-m-pYiToli2idinvl^mft« hvloxv\nvri^7}^p 

The product from Example 32e (201 mg, 1.43 mmol) was added to a 
stirring slurry of sodium hydride (80% dispersion in mineral oil, 43 mg, 1 .43 
mmol) at room temperature. After 15 minutes 1,6 dichloropyridazine (320 mg, 
2.14 mmol) was added and the reaction was stir for 16 hr. A solution of 2N_ HCI 
was added, then the mixture was extracted with EtOAc. The aqueous phase was 
basified with 2fl NaOH solution and extracted with CHCI3 (X2). The organics 
were combined, dried over NaS04, concentrated and subjected to flash 
chromatography using 1 0% MeOH in CHCI3 to give 1 6.5 mg of a white solid, 
4.5% yield. TLC Rf=0.10 (10% MeOH in CHCI3). MS (DCI/NH3) m/e 254 
(M+H)+ 1H NMR (CDCI3, 300 MHz) 8: 7.35 (d, J=9.0 Hz, 1H), 7.02 (d, J=9.0 Hz, 
1H), 4.36 (s, 2H), 3.28-3.17 (m, 2H), 2.77-2.68 (m, 2H), 2.05-1.85 (m, 6H) 1 72- 
1.65 (m,2H). 



(2a. 6-Chloro-S-n-ffl-! 



lizidinvnmethvloxvtovriri azine oxalatP gaij 



The product from Example 32f (16.5 mg, 0.065 mmol) and oxalic acid (6.5 
mg, 0.068 mmol) were combined in THF at 0°C. After 30 minutes of stirring, the 
solvent was removed, and the remaining residue was triturated with diethyl ether 
(X3). The solid/oil was dried in vacuo . MS (DCI/NH3) m/e 254 (M+H)+. 1 H NMR 

(D 2 O t 300 MHz) 5: 7.76 (d, J=9.2 Hz, 1H), 7.38 (d, J=9.2 Hz. 1H), 4.62 (s 2H) 
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3.70-3.61 (m. 2H). 3.32-3.24 (m, 2H), 2.37-2.07 (m, 8H). Anal. calc. for 
C 14 H 18 CIN3O5«0.6C2H 2 (V0.3«H2O: C, 45.28; H, 4.95; N, 10.42. Found: C, 
45.34; H, 5.02; N, 10.26. 



Example 33 

33a. 3-M-r8-Dvrron2idinvhmethvlnyy)pyrfl7i nft 

Sodium hydride (80% dispersion in mineral oil. 15.6 mg, 0.52 mmol) was 
slowly added to a solution of Example 32e (70.0 mg, 0.50 mmol) in THF (1.0 mL) 
at ambient temperature. The reaction was allowed to stir for 15 minutes, then 2- 
iodopyrazine (123 mg, 0.60 mmol) was added to the reaction vessel neat. The 
reaction was heated for 3 hours and then allowed to cool to ambient temperature. 
The reaction vessel contents were next partitioned between chloroform and 
saturated sodium bicarbonate solution. The phases were separated, and the 
aqueous phase was extracted with chloroform. The organics were combined , 
washed with brine, dried over MgS04, concentrated and subjected to flash 
chromatography on silica gel. The product was eluted with 10% MeOH in CHCI3 
to 0.2% NH4OH in 10% MeOH in CHCI3 to give 37 mg of a gelatinous material, 
34% yield. MS (DCI/NH3) m/e 220 (M+H)+. 1H NMR (CDCI3, 300 MHz) 6: 8.29 
(d, J-1.1 Hz, 1H), 8.13 (d, J=2.6 Hz, 1H), 8.06 (dd, J=2.6 Hz, 1.1 Hz, 1H), 4.32 (s, 
2H), 3.50-3.35 (m, 2H), 2.87-2.75 (m, 2H), 2.15-1.90 (m, 6H), 1.83- 1.73 (m, 2H). 

The product from Example 33a (32.0 mg, 0.15 mmol) was dissolved in 
diethyl ether and cooled to 0°C. Diethyl ether saturated with dry HCI was added 
to the reaction vessel dropwise with stirring. After 30 minutes of stirring, the 
solvent Was removed, and the remaining white solid was triturated with diethyl 
ether and dried in vacuo to give 29.1 mg, 78% yield, of the title product, mp = 
1 95-1 98°C dec. MS (DCI/NH3) ni/e 220 (M+H)+. 1 H NMR (D 2 O t 300 MHz) 8: 
8.36 (s, 1H), 8.25-8.22 (m, 2H), 4.54 (s, 2H), 3.72-3.64 (m, 2H), 3.34-3.26 (m, 2H), 
2.37-2.10 (m, 8H). Anal. calc. forCi2Hi 8 CIN 3 0: C, 56.35; H, 7.09; N, 16.43. 
Found: C, 56.1 1;H, 7.14; N, 16.15. 
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Example 34 
loxvHhii 





The product from Example 32e (142.0 mg, 1.0 mmol) in THF (imL) was 
added dropwise to sodium hydride (80% dispersion in mineral oil, 30 mg 1 o 
mmol) slurried in THF (2 mL). The slurry was allowed to stir for 15 minutes at 
ambient temperature, then 2-bromothiazole was added neat to the reaction 
vessel. The reaction was allowed to stir for 48 hours and then quenched with 2 N 
HCI. The mixture was extracted with EtOAc, and the aqueous phase was basified 
w.th aqueous 2 f± sodium hydroxide solution. The basic solution was extracted 
with chloroform, and the solvent was removed in vacuo . The resulting crude 
product was purified by flash chromatography using 10% MeOH in CHCI 3 as the 
elutant to give 65 mgs of an oil, 29% yield. TLC Rf=o.14 (10% MeOH in CHCI3) 
MS (DCI/NH3) m/e 225 (M + H)+. 1 H NMR (CDCI3, 300 MHz) 8: 7.10 (d J=4 0 Hz 
1H). 6.66 (d. J=4.0 Hz, 1H), 4.18 (s, 2H), 3.14-3.07 (m, 2H), 2.73 (ddd, J=10 3 Hz ' 
6.6 Hz, 6.6 Hz. 2H), 2.01 -1 .92 (m, 2H), 1 .88-1 .77 (m, 4H), 1 .67-1 .58 (m, 2H). ' 



The product from Example 34a (60.0 mg, 0.27 mmol) was dissolved in 
d.ethyl ether and cooled to 0°C. Diethyl ether saturated with dry HCI was added 
dropwise to the reaction vessel with stirring. After 30 minutes the ether was 
decanted, and the remaining white solid was triturated with diethyl ether and 
dned in vacuo to give 61 mg of the title product, 83% yield, mp = 109-1 1 10 C 
MS (DCI/NH3) m/e 225 <M + H)+ 1 H NMR (D 2 0, 300 MHz) 5: 7.19 (d J=4 0 Hz 
1H), 7.00 (d, J=4.0 Hz,1H), 4.58 (s, 2H), 3.68-3.61 (m, 2H), 3.32-3.24 (m 2H) 
2.32-2.07 (m, 8H). Anal. calc. for CnHi 6 N 2 OS.1.5 HCI: C. 47.35; H 6 32* N 
10.04. Found: C, 47.55; H, 6.36; N, 10.01. ' ' ' 



Example 3 s 

1 R,4S)-3-fR)-f?-ThiR/nlnyym P thyl)-N-methvl-?-a7qbic V rlnr 9 2 1^ ^. 

hvdrochlnri^ p 

»3- (1R.4S)-3-fR)-Carhoethoxv-9.a ?a hi CVC | n p 9 ^ho ptane hvrir^ hinri,,. 
A mixture of (1R.4S)-3-(R)-carboethoxy-N-(S)-(-)-a-methylbenzyl-2- 
azabicyclo[2.2.l]he P t-5-ene (2.40 g, 8.8 mmol, prepared according to the method 
of Stella et a!., Tetrahedron Lett., 21: 2603, 1990) in ethanol (100 mL) and 20% 
Pd/C (dry, 1 .2 g) was reduced under 4 atm of H 2 at room temperature for 1 2 hr 
The solution was filtered and concentrated in vauco to give the free base as an oil 



WO 94/08992 



73 



PCT/US93/09662 



(1.33g). MS(DCI/NH 3 )nVe:170(M+H)+. 1 H NMR (CDCI3, 300 MHz) 8: 4.18 (q 
2H), 3.57 (br. s, 1H), 3.34 (s, 1H), 2.63 (br. s, 1H), 2.12 (m, 2H), 1.68-1.28 (m, 5H), 
1 .28 (t, 3H). The resultant oil was dissolved in methylene chloride (ca. 20 mL) 
and upon addition of HCI/diethyl ether (ca. 6.25 M) a white solid precipitated and 
was collected. The solid was then recrystallized from EtOH/Et20 and dried under 
vacuum at 50°C to give the title compound (0.94 g, 52% yield), mp >200 °C. 

35b. (1 R.4S^3-mVCarho ftthoxv-N.^tttv|carboxv-P. a ^bicvclnfP ? 

To the compound of step 35a (1.50 g, 7.3 mmol) in methylene chloride (20 
mL) at room temperature under nitrogen was added triethylamine (1 .0 mL, 7.3 
mmol). After 5 min di-f-butyldicartoonate (1 .84 mL, 8.0 mmol) was added, and the 
reaction was stirred for 18 hr. The reaction was quenched by the addition of 
aqueous pH 4 buffer, and the mixture was extracted with diethyl ether (2 x 25 mL). 
The combined organic layers were dried over anhydrous sodium sulfate and 
concentrated in vacuo. The crude product was purified by flash chromatography 
on silica gel (2000 g, ethyl acetate/hexane 1 :4; Rf = 0.45) to yield the title 
compound (1.49 g, 76%) as an oil. MS (DCI/NH3) m/e: 270 (M+H)+, 287 
(M+NH 4 )+. 1 H NMR (CDCI3. 300 MHz) 5: 4.28 (br. d, 1 H), 4.1 8 (m, 2H), 3.78 (d, 
1H), 2.67 (br. s, 1H), 1.94 (br. d, 1H), 1.80-1.40 (m, 5H), 1.44 (d, 9H), 1.28 (t, 3H). 
35C. f1R.4S>-3-m^-rHvdmxvmethvn-M.iT iethvl-2-a7ahio V clor2P1]h ffpton, 

To the compound of step 35b (1.40 g, 5.2 mmol) in anhydrous 
tetrahydrofuran (30 mL) under nitrogen was added fithiumaluminum hydride 
(0.60 g, 1 .56 mmol). The resultant solution was heated at reflux for 2 hr, cooled 
to room temperature and quenched by the careful addition of sodium sulfate 
decahydrate. Diethyl ether (50 mL) and celite were added, and the mixture was 
stirred at room temperature for 1 hr and filtered thru a pad of celite (ca 2 cm). The 
filtrate was concentrated in vacuo to give the title compound (0.79 g, 100%) as a 
white solid, mp 76-77°C. MS (DCI/NH3) m/e: 142 (M+H)+. 1H NMR (CDCI3, 300 
MHz) 5: 3.42 (dd, 1H), 3.41 (dd, 1H), 3.21 (br s, 1H), 2.36 (s, 3H), 2.15 (d, 1H), 

1.98 (t, 1H), 1.94-1.85 (m, 1H), 1.80-1.70 (m, 1H), 1.60-1.52 (m, 1H), 1.38-1.20 (m 
3H). 

35d- (1R.4S)-3-(R)-f2-ThiazolQyvmPth vn-A/.mftth v U2-azabinvHnr9.2.11hentani 
hydrochloride 

To the compound from step 35c (0.2 g, 1 .4 mmol) in anhydrous 
tetrahydrofuran (10 mL) under nitrogen was added sodium hydride (60% 
dispersion, 0.06 g, 1.5 mmol) and 2-bromothiazole (0.19 mL, 2.1 mmol). The 
solution was allowed to reflux for 18 h, quenched by the addition of water (5 mL). 
and extracted with diethyl ether (2 x 50 mL) and ethyl acetate (50 mL). The 
combined organic layers were dried over anhydrous sodium sulfate and 
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concentrated in vacuo. Th crude product was purified by flash chromatography 
on silica gel (2500 g, ethanol/ethyl acetate 1 :9; Rf = 0.37) to give an oil, which 
was dissolved in ethyl acetate and precipitated by the addition of HCI/diethyl 
ether (6.25 M, 5 mL). The product was collected and dried under vacuum at 50°C 
to give the title compound (0.154 g, 42%) as a white solid. mpl21-123°C. MS 
(CDI/NH3) m/e: 225 (M+H)+. 1H NMR (DMSO-cfe, 300 MHz) 5: 10.4 (br. s, 1H), 
7.20 (d, 1H), 7.13 (d. 1H), 4.66-4.46 (m, 2H), 3.94 (br. s, 1H), 3.39-3.32 (m, 1H), 
2.82 (d, 3H), 2.54 (br. s, 1H), 2.02-1.90 (m, 2H), 1.74-1.57 (m, 3H). IR (KBr) 3440, 
2600, 2520. 1 580, 1 530, 1 31 0, 1 220, 980, 61 0 cnr 1 . Anal. calc. for 
C1 1 Hi 7 CIN2OS«0.5 HO0.3 H 2 0 : C, 46.45; H, 6.41 ; N, 9.85. Found: C, 46.57; 
H, 6.1 1 ; N, 9.86. [a]23 D = -29.2°. (c=0.25, MeOH). 



Example 36 

(1S,4R)-3-(S)-(2-Thia7oloxvmethvh-N- methvl-2-a7 a hicvclofg;>.i]hpp t, a n 0 

hydrochloride 

36a, (1 S . 4R)-3-(S)-Qart>oethoxv-2-azabicvclof2 g 1 lheot-2-anP h ydrochloride 

(1S,4R)-3-(S)-(Carboethoxy)-N-(R)-(+)-a-methylbenzyl-2- 
azabicycio[2.2.1]hept-5-ene (11.0 g, 40.5 mmol. prepared by the method of Stella 
et al., Tetrahedron Lett., 21: 2603. 1990) was reacted according to the method 
described in the preparation of the compound of Example 37a, to give the title 
compound (5.7 g, 68%) as a crystalline solid, mp >200°C. 

36b. (1 S.4R)-3-(S)-fCarhoethoxvVN.t.butvlcarhnYv. 2 .a2abicvolnf2.2.nheptanft 

The compound from step 36a (5.0 g, 24.4 mmol), di^butyldicarbonate (5.8 
g. 26.8 mmol) and triethylamine (3.4 g, 24.4 mmol) were reacted according to the 
method described in Example 37b to give the title compound (5.4 g, 82%) as an 
oil. MS (DCI/NH3) m/e: 270(M+H)+ 287(M+NH 4 )+ 1H NMR (CDCI3, 300 MHz) 8: 
4.28 (d, 1H), 4.18 (m. 2H). 3.75 (d, 1H), 2.67 (br. s. 1H). 1.94 (m, 1H), 1.80-1.40 
(m, 5H), 1.44 (d. 9H), 1 .28 (t, 3H). 

36C, (1S.4R)-3-(S)-(Hvdroxvmethvh-N-m ft t h vl-2-a2ahiryrlnf2.2.nhentanft 

The compound from step 36b (3.0 g, 11.1 mmol) and lithiumaluminum 
hydride (1.27 g, 33.4 mmol) were reacted according to the method described in 
Example 37c, gave the title compound (1 .43 g, 92%) as a white solid, mp 75- 
76°C. MS(DCI/NH 3 ) m/e: 142(M+H)+ 140 (M-H)+. 1H NMR (CDCI3, 300 MHz) 8: 
3.5-3.3 (m, 2H), 3.19 (br. s, 1H), 2.70 (br. s, 1H), 2.35 (s. 3H), 2.14 (d, 1H), 1.95 (t, 
1H), 1.94-1.85 (m, 1H), 1.77-1.70 (m, 1H), 1.62-1.52 (m. 1H), 1.37-1.18 (m, 3H). 



WO 94/08992 



PCT/US93/09662 



75 

3firi. MS.4m-3-fSVf2-Thi a2o X vmethvlVA/-methvl-2-azabicvclofg P1^hpntano 
hydrochloride 

The compound from step 36c (0.35 g, 2.5 mmol), 2-bromothiazole (0.33 
mL, 3.7 mmol) and sodium hydride (60% dispersion, 0.11 g, 2.8 mmol) were 
reacted according to the procedure of Example 37d to give the title compound 
(154 mg, 23%) as a white solid, mp 120-123 °C. MS (DCI/NH3) m/e: 225 (M+H)+. 
1H NMR (DMSO-cfc, 300 MHz) 8: 10.8 (br. s, 1H), 7.20 (d, 1H). 7.10 (d, 1H), 4.66- 
4.47 (m, 2H). 3.93 (br. s. 1H), 3.38-3.32 (m, 1 H), 2.82 (d. 3H), 2.54 (br. s, 1H), 
2.03-1.92 (m, 2H). 1.73-1.58 (m, 3H). IR (KBr) 3440, 2510. 1570, 1520, 1230, 990, 
610 cm* 1 . Anal. calc. for CnHi7CIN2OS«0.4 HO0.1 H2O: C, 47.67; H, 6.40; N, 
10.11. Found : C, 47.69; H, 6.20; N, 10.08. [ccpo = +28.5°. (c=0.25, MeOH). 

Example 37 

f1S.4RV3-rSV(3-Pvridvloxvmethvh.N-methvl-g- azabicvclof2.2.nheDtane 

dihvdrochloride 

To a solution of triphenylphosphine (1 .78 g, 6.8 mmol) in tetrahydrofuran 
(40 mL) under nitrogen was added f-butylazodicarboxylate (1 .56 g, 6.8 mmol). 
The solution was stirred at 0°C for 20 min, and a THF solution (10 mL) of 
containing 3-hydroxypyridine (0.64 g, 6.8 mmol) and the compound (1S,4R)-3- 
(S)-(hydroxymethyl)-N-methyl-2-azabicyclo[2.2.1]heptane (0.64 g, 4.5 mmol, from 
Example 38c) was added. The reaction was allowed to warm to room 
temperature, stirred for 72 hr, then concentrated in vacuo. The residue was taken 
up in an aqueous solution of hydrochloric acid (10%, 100 mL) containing a small 
amount (ca .20 mL) of methylene chloride and stirred for 2 hr. The solution was 
washed with methylene chloride (1 x 50 mL). The aqueous layer was adjusted to 
pH 12 with 10% aqueous sodium hydroxide and exacted with methylene chloride 
(4 x 50 mL). The combined organic extracts were dried over anhydrous sodium 
sulfate and concentrated in vauco. The crude product was purified by flash 
chromatography on silica gel (2000g, methylene chloride/ethyl 
acetate/methanol/ammonium hydroxide 50:50:4:1 ; Rf = 0.31) to give an oil (80 
mg, 8.0%). The oil was dissolved in methylene chloride, and addition of 
HCI/diethyl ether (6.25M, 15mL) gave a white solid which was collected and dried 
under vacuum at 50°C to give the title compound as a deliquescent white solid. 
MS (DCI/NH3) m/e: 219 (M+H)+. 1H NMR (DMSO-cfe, 300MHz) 8: 11.35 (br. s, 
1H), 8.75 (d, 1 H), 8.53 (d, 1H), 8.18 (m. 1H), 7.38 (dd, 1H), 4.48 (m, 2H), 3.88 (br. 
s, 1H), 3.43-3.36 (m, 1H). 2.85 (d, 3H), 2.45 (br. s, 1H), 2.15 (d, 1H), 1.95 (m, 1H), 
1.80-1.60 (m. 4H). IR (KBr) 3260, 3180, 1650, 1550, 1380, 1000, 810cm-1; Anal. 



WO 94/08992 



PCT/US93/09662 



76 

calc. for C 13 H 20 CI 2 N 2 O0.7 NH4CI«0.3H 2 O: C, 46.74 H, 7.06; N, 11.32. Found : 
C, 46.90; H, 7.33; N, 11.24. 

Example 38 

(1R.4S)-3-mVf3-Pvridvloxvrnethvh-N-methvl.2-a7 abicvclor2g.1]hpptanft 

dihvdrochloride 

Following the procedure of Example 37, replacing (1 S,4R)-3-(S)- 
(hydroxymethyl)-N-methyl-2-azabicyclo[2.2.1] heptane with (1 R,4S)-3-(R)- 
(hydroxymethyl)-N-methyl-2-azabicyclo[2.2.1]heptane (from Example 37c), the 
title compound is prepared. 

Example 39 

5-Chloro-3-^2-fR^-pvrrolidinvl methvloxv^pvridine dihvrirnr.hlnrifo 

39a. (RH -t-butoxvc arbonvl-2-pvrrolidinemethanol 

N-t-BOC-(R)-proline was treated as in Example 14a. The resulting material 
was earned on without any further purification. 

39b. 5-Chloro-3-rN-t-butoxvcarfaonvl .2-rR>-Pvrrolidinvlmethylf>xv^p V ridine 

Starting with the material from step 39a, and following the procedure of 

Example 1 5b, the title compound was prepared. TLC Rf 0.75 (1 :1 EtOAc/Hex). 

MS (DCI/NH3) rn/e: 313 (M + H)+ with 35ci and m/e: 315 (M + H)+ with 37ci. 

39c. 5- Chloro-3-f2-mVpvrrolidinvlme thvloxvWririine di hydrochloride 

The product of Example 39b was treated according to the procedures of 

Examples 2b and 1b to give the title product. The MS and 1 H NMR (D 2 O t 300 

MHz) were similar to Example 15d. Anal. Calc. for Ci 0 H 13 N 2 OCI-2.00 HCI: C, 

42.06; H, 5.29; N, 9.81 ; Found C, 42.91 ; H, 5.44; N, 9.86. [a]25 D= -i 1 .1 50 ^ [ 

MeOH). 



Example 40 

5-Chloro-3-( 1 -methvl-2-m^pvrroH dinvlmethvloxvtovridine riihvdrochloririe 

40a. 5-Chloro-3-(1 -methvl-2WRVpvrrot idinvlmethvloxv)pvridinfl 

Replacing 5-chloro-3-(N-t-butoxycarbonyl-2-(S)-pyrrolidinylmethyloxy)- 
pyridine with 5-chloro-3-(N-t-butoxycarbonyl-2-(R)-pyrrolidinylmethyloxy)pyridine 
(prepared from the (R)-isomer of the starting material as in Example 15a), the title 



WO 94/08992 



PCT/US93/09662 



77 

compound was prepared in a manner similar to Example 1 6a TLC Rf=.23 
(10%MeOH/CHCl3). MS and 1 H NMR (CDCI3, 300 MHz) are similar to 16a. 
40b. 5-Chloro-3-M -methvl -mVDvrrolidinvlmethvloxvbvridine dihvdrochloririe 

The product of Example 40a was treated with HCI and isolated as 
described in Example 1b to give a white powder. MS and 1 H NMR (D2O, 300 Hz) 
are similar to 1 6b. . Anal. Calc for CnH 15 N 2 OCI-2.00 HCI: C, 44.10; H. 5.20; N, 
9.35; Found C, 43.98; H, 5.81 ; N, 9.33. [cc]25 D =+5.59<> (c^ ( MeOH). 

Example 41 

2-Methvl-3W2WRVpvirolidinvlmet hvloxvtovridine dihvdrochloridfi 

41 a. 2-Methvl-3-(2-m)-Pvrrolidinvlmethvloxv>DvridinQ 

Replacing (S)-1-t-butoxycarbonyl-2-pyrrolidinemethanol with (R)-1-t- 
butoxycarbonyl-2-pyrrolidinemethanol (Aldrich Chemical Co.), the title compound 
was prepared in a manner similar to Example 17, steps a and b. MS (DCI/NH3) 
and 1 H NMR (CDCI3, 300 MHz) are similar to 17a 
41 b. 2-Methvl~3-r2.mWp yrrolidinvlmethvloxv^pvridine dihvdrochloride 

The product of Example 41a was treated with HCI and isolated as 
described in Example 1b to give a white powder. MS and *H NMR (D20, 300 Hz) 
are similar to 17b. Anal. Calc for CnHi 6 N 2 O-2.00 HCI: C, 48.82; H, 6.84; N. 
10.56; Found C, 49.55; H, 6.95; N. 10.52. [a]25n=-27.01<> (c=l, MeOH). 

Example 42 

6-Methvl-3-M-methvl-2-m)-Dvrroli dinvlmethvloxv^Dvridine dihvdrochloridft 

42a. 6-Methvl-3-( 1 -t-butoxvcarbonvl-2-f R VDvrrolidinvlmethvloxv^pvririing 

Replacing 6-methyl-3-(1 -t-butoxycarbonyl-2-(S)-pyrrolidinylmehtyloxy)- 

pyridine with 6-methyl-3-(1 -t-butoxycarbonyl-2-(R)-pyrrolidinylmethyloxy)pyridine, 

prepared from (R)-1 -t-butoxycarbonyl-2-pyrrolidinemethanol (Aldrich Chemical 

Co.) as described in Example 19a, the title compound was prepared in a manner 

similar to Example 20a TLC Rf=.42 (1 :1 EtOAc/Hex.). 

42b. 6-Methvl-3-M-methv l-2-rR^pvrmlidinvlmethvloxv\pvridinft 

The title compound was prepared in a manner similar to 20b TLC Rf=.17 

(10%MeOH/CHCl3). MS (DCI/NH3) and 1H NMR (CDCI3, 300 MHz) are similar 

to 20b 

42c. 6-Methvl-3-(1 -methvl-2-mVpvrrolidi nvlmethvloxv^ovridine dihvrimnhinrirta 

The product of Example 42b was treated with HCI and isolated as 
described in Example 1b to give a white powder. MS and 1 H NMR (D 2 0, 300 Hz) 
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are similar to 20c. Anal. Calc for Ci 2 Hi 8 N 2 0 2.00 HCI: C, 51.62; H, 7.22; 
N.10.03; Found C, 51 .36; H, 7.53; N, 9.93. fa]25 D =+6.22° (c=1, MeOH). 



Example 43 

6-Methvl-3-f2-(R^Dvrrolidinvlmfi thvloxvWnV<ine dihvdrochlnririe 

The product of Example 45a was treated as described in Examples 19a 
and 19b to give a white powder. MS (DCI/NH 3 ) and d 1 H NMR (D 2 0, 300 Mz) are 
similar to 19b Analysis calculated for CnH 16 N 2 O-2.00 HCI: C, 49.82; H, 6.84; N, 
10.56; Found C, 49.89; H, 6.59; N, 10.33. [a]25 D =-1 0.47<> (c=1, MeOH). 



3-M -Ethvl-2 




44a. 3-M -Ethvl-2-oxo.5-rs^Dvrrolidinv lmethvloxv\Dvrirtinft 

To a solution of the compound from example 22a (1.50 g, 7.8 mmol) in 
anhydrous THF at 0°C was added NaH (60% yield dispersion, 0.625g, 15.6 
mmol) was added, and the reaction mixture was stirred for 20 minutes at this 
temperature. The reaction was then warmed to room temperature, and 
iodoethane (1.25 ml, 15.6 mmol) was added via syringe. After starting material 
was consumed, NaHC03 was added to the reaction followed by CHCI3. The 
desired compound was extracted from the aqueous phase, and the organic layer 
was subjected to a brine wash (2X). The organic layer was dried over MgSC-4. 
The residue was purified by silica gel flash chromatography (5% 
yieldMeOH/CHC 3 ) to give 0.23 g (13% yield) of the title compound as an oil. MS 
(DCI/NH3) m/e 221 (M + H)+ and 238 (M + NH 4 + ) + . 1 H NMR (CDCI 3 , 300 MHz) 8: 
8.39-8.33 (m, 1H), 8.33-8.28 (m, 1H), 7.39-7.34 (m, 2H), 4.20-4.00 (m, 3H), 3.78- 
3.64 (m, 1H), 3.22-3.07 (m, 1H), 2.63-2.49 (m, 1H), 2.47-2.23 (m, 2H), 2.06-1.91 
(m, 1H). 

44b. 3-f1-Ethvl-2-(SVDvr rolidinvlmethvloxv^ovridinft 

To the product of Example 44a (222 mg, 1 .01 mmol) in 3 mL of THF was 
added, under nitrogen and dropwise over a period of 5 minutes, 3.03 mL (3.03 
mmol) of a 1 M solution of borane in THF. After stirring under reflux for 3 hours, 
methanol was added dropwise, and the reaction was stirred for an additional 30 
minutes. The solvent was removed in vacuo, affording a white solid borane 
complex. This solid was dissolved in anhydrous ethanol. Cesium fluoride 
(0.347g, 3.03 mmol) was added, and the resultant solution was stirred under 
reflux for 1 6 hr. Evaporation of the solvent provided a white solid which was 
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purified on a silica gel column, eluting with chloroformrmethanol (10:1) to give 
162 mg of the desired methyl compound as an oil in 78% yield. MS (DCI/NH3) 
m/e 207 (M + H)+. 1H NMR (CDCI3, 300 MHz) 8: 8.36-8.31 (m, 1H), 8.28-8.21 (m, 
1H), 7.26-7.20 (m, 2H), 4.30-4.10 (m 1H), 4.02-3.90 (m, 1 H), 3.43-3.23 (m, 1H) 
3.20-2.90 (m, 2H), 2.68-2.28 (m, 2H). 2.16-1.76 (m, 2H), 1.72-1.44 (m, 1H). 

44C, 3-(1-EthVl-2-rS)-OVrrolidinvlmflthvlnyv^ y ridinfi dihvrimr^^ a 

The free base from example 44b was dissolved in diethyl ether and 
brought to 0°C with stirring. The solution was treated with diethyl ether saturated 
with HCI. The solvent was removed in vacuo. The resulting salt was triturated 
with diethyl ether (2X) and dried under vacuum to give a white powder. MS 
(DCI/NH3) m/e207 (M + H)+. 1H NMR (D 2 0. 300 MHz) 8: 8.49 (d. J=3.0 Hz, 1H), 
8.39 (dd, J=1.0,5.1 Hz, 1H), 8.02 (m, 1H), 7.85 (dd, J=8.70, 5.40 Hz, 1H), 4.61 (dd, 
J=11.0, 3.3 Hz. 1H). 4.44 (dd, J=1 1 .0, 6.6 Hz, 1H). 4.10-4.01 (m, 1H), 3.79-3.72 
(m, 1H), 3.65-3.51 (m, 2H), 3.32-3.18 (m, 2H), 2.44-2.33 (m, 1H), 2.27-2.05 (m, 
2H), 1.37 (t, J=7.5 Hz, 3H). Anal. Calc. for Ci2H 18 N 2 O-2.0 HCI: C, 51.57; H, 7.1 6- 
N, 1 0.02; Found C. 51 .43; H, 7.39; N, 9.96. [a] D = -1 .5° (c 0.46, MeOH). 



5-Chlor 0 .3. t ?.fR\.^ ot ft 



loxvtovririinp dihvdronhlnririft 



45a, 5-Chlpro-3-rN-^Butoxvcaroon V |.p.(■?)■ a 2et^riinylmPthy^ oxv ^ v ririinft 

An ice-cooled solution of the product from Example 7b (0.242g, 1.20 mmol) 
was allowed to react with 3-chloro-5-hydroxypyridine (0.187 g, 1.40 mmol) under 
the conditions of Example 2a, except that DEAD was replaced with di-f- 
butylazodicarbonate, to yield the title compound (0.137 g, 88%) after purification 
on silica gel (ethyl acetate/hexane 2:1). MS (DCI/NH3) m/e: 299 (M+H)+ 1 H 
NMR (CDCI3, 300 MHz) 8: 8.25 (d, J=1.38 Hz, 1H), 8.21 (br. s. 1H), 7.29 (t, J=2.2 
Hz, 1H), 4.53-4.51 (m, 1H), 4.34-4.33 (m. 1H), 4.13 (dd, J=10.3, 2.9 Hz, 1H), 3.91- 
3.86 (m, 2H), 2.51 (s, 3H), 2.38-2.29 (m, 2H), 1.43 (s, 9H). 
45b- 5'ChlQrP-3-(2-(S)-a7etidinylmethvloxv^DvririinB dihvdrochlnririp 

The product from step 45a (0.130 g, 0.44 mmol) was treated with saturated 
ethanolic HCI (5 mL) for 16 hr. The volatiles were removed in vacuo, and the 
dihydrochloride was recrystallized (EtOH/Et 2 0) to yield the title compound 
(0.094g, 80%) as a white solid, mp 156-1 57°C. MS (DCJ/NH3) m/e: 1 99 (M+H)+, 
21 6 (M+NH 4 )+. 1 H NMR (D 2 0, 300 MHz) 8: 8.41 (d, J=5.1 Hz, 1 H), 8.39 (d, 
J=4.4 Hz, 1H), 7.94 (t, J=2.1 Hz, 1H), 5.01-4.93 (m, 1H), 4.50 (d, J=4.0 Hz, 2H) 
4.20-4.03 (m, 2H), 2.69 (q, J=8.45 Hz. 2H). Anal. calc. for 



WO 94/08992 PCT/US93/09662 

80 

C9H13CI3N2OO.5H2O: C, 38.53; H, 5.03; N, 9.98 Found: C, 38.51 ; H, 5 16 N 
9.96. [cc]D 2 3 =-3.23° (c=0. 1 6 in MeOH). 



Example 46 



4-M 




46a. 4-Methvl-3-/N^Rtrtpy Y carfaonvl.p.^RVa2etidinx/lmPthy| oyv ^nvrif<i !? o 

An ice cooled solution of the product from Example 7b (0.232g, 1 .24 mrnol) 
was allowed to react with 3-hydroxy-6-methylpyridine (0.142 g, 1.30 mrnol) under 
the conditions of Example 2a. except that DEAD was replaced with di-/- 
butylazodicarbonate to yield the title compound (0.123 g, 36%) after purification 
on silica gel (ethyl acetate/hexane 2:1 ). MS (DCI/NH3) nVe: 279 (M+H)+ 1 H 
NMR (CDCI3, 300 MHz) 8: 8.23-8.22 (d. J-2.6 Hz, 1H), 7.20 (dd, J-8.5, 3.0 Hz, 
1H), 7.08 (d. J=8.5 Hz, 1H), 4.51-4.49 (m, 1H), 4.30-4.28 (m, 1H), 4.13 (dd, J=99 
,2.9 Hz, 1H), 3.89 (t. J=7.75 Hz. 2H), 2.51 (s, 3H). 2.37-2.28 (m, 2H), 1.41 (s. 9H) 
46b. 4-Methv|.3.(2-/S\.a7P tidinvlmftthy|r ? x V ^ovririinP ^ifr 

The product from step 46a (0.123 g, 0.44 mrnol) was treated with saturated 
ethanolic HCI (5 mL) for 18 hr. The volatiles were removed in vacuo, and the 
dihydrochloride was washed with Et 2 0 (3 x 20 mL), evaporated to dryness and 
recrystallized (EtOH/Et 2 0) to yield the title compound (0.074g, 63%) as a white 
solid. m P 141-144X. MS (DCI/NH3) m/e: 179 (M+H)+ 1 H NMR (D2O 300 
MHz) 6: 8.33 (d, J=2.9 Hz, 1 H), 7.89 (dd, J=9.0, 2.8 Hz, 1 H), 7.64 (d J=8.8 Hz 
1H), 5.01-4.93 (m, 1H), 4.48 (d, J=4.4 Hz, 2H), 4.21-4.04 (m, 2H). 2.70 (q, J=8.5 
Hz, 2H), 2.62 (s, 3H). Anal. calc. for C10H16CI2N2OI.OH2O: C, 44 62- H 6 74' 
N, 10.41. Found: C, 44.55; H, 7.02; N, 10.50. [a]D 24 - 7 .89» (c=0.19 in MeOH) 




idine dihvrirn^hjnriHo 



l-r-ButoxvnarhnnYl-P- fRVhvrirnyYmpthviazPtiflin, 

An ice cooled solution of 2-(R)-azetidine carboxylic acid (0.400 g, 3.96 
mrnol, preparation as described by Miyoshi et al., Chemistry Lett. , 1973: 5) was 
allowed to react under the conditions described in Example 7a to yield the 
protected acid (0.237 g, 30%) which was used without further purfication This 
crude product was allowed to reaction under the conditions described in Example 
7b to yield the title compound, which was used without further purification. MS 



WO 94/08992 PCT/US93/09662 

81 

(CDI/NH3) m/e: 188 (M+H)+, 205 (M+NH4)+. ">H NMR (CDCI3, 300 MHz) 5: 
4.46-4.42 (m, 1H), 3.92-3.69 (m, 2H), 2.21-2.12 (m, 2H), 1.99-1.87 (m, 2H). 
47b, 2-M9thvl-3-(N-^-RtJtoxvcarfaQnvl -2-mVa2etidinvlmethvlnyyrpyririinp 

An ice cooled solution of the product from step 47a (0.151g, 0.81 mmol) 
was allowed to react with 2-methyl-3-hydroxypyiidine (0.0.092 g, 0.85 mmol) 
under the conditions of Example 2a, except that DEAD was replaced by di-f-butyl 
azodicarbonate, to yield the title compound (0.125 g, 55%). MS (DCI/NH3) nVe: 
279 (M+H)+. 1H NMR (CDCI3, 300 MHz) 8: 8.1 1 (dd. J=4.6, 1.3 Hz. 1 H), 7.20- 
7.10 (m. 2H), 4.54-4.53 (m, 1H), 4.36-4.35 (m, 1H), 4.09 (dd. J=10.0, 2.6 Hz, 1H), 
3.95-3.88 (m, 2H). 2.55 (s, 3H). 2.42-2.30 (m. 2H), 1 .40 (s, 9H). 
47c. 2-Methvl-3-/2-rR^.a7fttidinvlmethvln xv^pvridinft riihvdrochlnririft 

The product from step 47b (0.121 g, 0.435 mmol) was treated with 
saturated ethanolic HCI (5 mL). After 16 hr, the volatiles were removed in vacuo, 
and the dihydrochloride was recrystallized (EtOH/Et20) to yield the title 
compound (0.098 g, 90%) as a hygroscopic oil. MS (DCI/NH3) m/e: 179 (M+H)+. 
1H NMR (D2O. 300 MHz) 8: 8.16 (d, J=5.5 Hz, 1H), 7.79 (d, J=8.5 Hz, 1H). 7.62 
(dd, J=8.5, 5.5 Hz, 1H), 5.00 (m, 1H), 4.57-4.47 (m, 2H), 4.24-4.12 (m, 2H), 2.78- 
2.71 (m, 2H). Anal. calc. for C10H16CIN2OO.5H2O: C, 46.17 H, 6.59 N. 10.77. 
Found: C, 45.93; H, 6.61 N, 10.63. [ap 23 -5.85 0 (c=0.21 in MeOH). 

Example 48 

48a. mVN-f/-hi]tylnxvcarbonvh -Di D ecolinin ag fl 

A 10.44 g (80.9 mmol) sample of (R)-pipecolinic acid, previously resolved 
according to Hemingway, R. J., J. Pharm. Pharmac.,2Q, 87-91, (1968), was 
dissolved in 70 mL of dioxane and 40 mL of H 2 0, and 40 mL of 1 M K 2 C0 3 and 
39 mL of di-t-butyldicarbonate were added. The reaction was stirred at room 
temperature for 16 hr, then an additional 10 mL of di-f-butyldicarbonate and 40 
mL of 1 M K2CO3 were added and the reaction continued for another 24 hr. The 
solvents were removed on a rotary evaporator, 10% citric acid solution was 
added to the residue, and the mixture was extracted with CHCI 3 . The extract was 
dried over MgSC>4, filtered and concentrated to give the title product as a white 
solid. MS: 247 (M+NH 4 )+, 230 (M+H)+, 191 (M-C 4 H 8 +NH 4 )+. 
48b. 3-M-Methvl-2-rRVhvri roxvmethvlnipBriHino 

To the product from Example 48a (1 .06 g, 4.63 mmol) in anhydrous THF 
(10 mL) under N2 at 0°C was added UAIH4 (1M in diethyl ether: 15 mL). The 
reaction was allowed to stir for 16 hr, and additional UAIH4 (8 mL) was added. 
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The reaction was quenched by the addition of sodium sulfate decahydrate (60 
mg). filtered through celite and washed with THF. The combined organics were 
concentrated in vacuo to yield the title compound as an oil (0.552 g, 93%). This 
material was carried forward without further purification. MS (CDI/NH3) m/e- 130 
(M+H)+ 1H NMR (CDCLa, 300 MHz) 5: 3.86 (dd, 1H), 3.41 (dd. 1H), 2.88 (m 
1H), 2.32 (s, 3H), 2.18 (m, 2H), 1.98 (m, 1H), 1.76 (m, 1H), 1.62 (m, 2H), 1.51 (m 
1H), 1.29 (m, 1H). ' 

■49C, 3-f1-Methvl-P-ffi>-niDecnlinylmpt hvloxvl nvririinc 

The product from step 48b (553 mg, 4.28 mmol) was allowed to react with 
3-bromopyridine (0.43 ml_, 4.50 mmol), cuprous bromide (0.1 65 g, 0.86 mmol) 
triphenylphosphine (0.449 g, 1.7 mmol) and potassium carbonate (0.592 g, 4.28 
mmol). The reaction mixture was heated to 90°C and stirred for 120 hr then 
cooled to 25 «C, acidified with HCI (1.5 M; 35 mL) and washed with ethyl acetate 
(4 x 50 mL). The aqueous layer was basified with saturated aqueous potassium 
carbonate, and the product was extracted with chloroform (6 x 50 mL), dried 
(MgS04) and concentrated in vacuo to an oil. The crude product was purified by 
chromatography on silica gel (CH2CI 2 /EtOAc/MeOH/NH 4 OH 50:50:4:1) to yield 
the free base of the title compound (0.048 g). The amine was treated as in 
example lb to yield the title compound as a hygroscopic semisolid (0.024 g 2%) 
MS (DCI/NH3) m/e: 207 (M+H)+. 1 H NMR (D 2 0, 300 MHz) 8:8.37-8.29 (m, 2H), ' 
7.66 (dd, J=8.45, 1.5 Hz, 1H), 7.59-7.57 (m, 1H), 4.63 (dt, J=14.5, 2.4 Hz, 2H) 4 8 
(dd, J=11.9, 1.8 Hz, 1H), 3.58-3.53 (m, 2H), 3.20 (m, 1H). 2.93 (s, 3H). 2.05-1 60 
(m, 5H). Anal. calc. for C12H20CI2N2O2.O H2O: C, 45.72; H, 7.67; N 8 89 
Found: C, 45.82; H, 7.93; N, 8.84. [cx]d 23 -1.14 0 (c=0.71 in MeOH) ' 
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What is claimed is: 



1. A compound having the formula: 




or a pharmaceutically-acceptable salt or prodrug thereof, 
wherein: 

A is selected from the group consisting of: 



wherein n is 1 , 2, or 3; 

R 1 is H or Ci-C6-alkyl; and 

R 3 is H, or when n is 2, 

is either mono-substituted at the 4-position and is 
O-W, wherein W is H, Ci-C 3 -aIkyl, CH 2 OH, CH2-O- 
methyl, Br, CI, or F, or is disubstituted at the 4- and 5- 
positions, wherein the 4-substituted R 3 is O-W, wherein 
W is as described above, and the 5-substituted R 3 is 
Ci-C 3 -alkyl; 




(i) 




, wherein m is 1 or 2 and R 1 is as defined above; 




, wherein p is 1 or 2; 
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(CH2) q 



(iv) 




(CH 2 ), 



, wherein q and rare independently 0, 1 or2, 
except that q and r may not concurrently 
be 0; and 



(CH2) S 



(v) 




(CHz), 



, wherein s and t are independently 0, 1 or 2, 
except that s and t may not concurrently be 0; 



R 2 is H or Ci -Chalky I; and 

B is selected from the group consisting of : 



O) 




2 




wherein is H or is mono-substituted at the 2-, 4-, 5- or 6- 
position with hydroxyl, CrC 3 -alkyl or d-C 3 -alkoxy; or is 
mono-substituted at the 4-, 5- or 6- position with Br, CI or F; 
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(Vii) 

with the provisos that when A is selected from option (iii), then B must be 
selected from options (ii) and (vi); or when B is selected from option (ii) with 
R 4 being 2-methyl, and A is selected from option (i), then R 1 must be H. 

2. A compound according to Claim 1 , wherein A is selected from options (i), (ii) 
and (v); B is selected from options (ii) and (iv); n is 1 or 2, R1 and R2 are H, or R1 
is methyl and R 2 is H. 

3. A compound according to Claim 1 , wherein A is selected from option (i), B is 
selected from option (ii), R3 is H, n is 1 or 2, R1 and R2 are H, or R1 is methyl and 
R2 is H. 



u 

N . 



4. A compound according to Claim 1 , which is: 



3- 
3- 
2- 
3- 
2- 
1- 
2- 
2- 
3- 
3- 
2- 
2- 



1 -Methyl-2-(R)-pyrrolidinylmethyloxy)pyridine; 
2-(R)-Pyrrolidinylmethyloxy)pyridine; 
1-Methyl-2-(S)-pyrrolidinylmethyloxy)pyrazine; 
1-Methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

1 - Methyl-2-(R)-pyrrolidinylmethyloxy)-6-chloropyridazine ; 
Methyl)-2-(S)-(1-(3'-pyridyloxy)ethyl)pyrrolidine; 

2- (S)-Azetidinylmethyloxy)pyra2ine; 

1- Methyl-2-(S)-azetidinylmethyloxy)pyrazine; 

2- (S)-Azetidinylmethyloxy)pyridine; 

1-Methyl-2-(S)-azetidinylmethyloxy)pyridine; 
1-Methyl-2-(S)-pyrrolidinylmethyloxy)thiazole; 

1-Methyl-2-(S)-pyrrolidinylmethyloxy)-6-chloropyridazine; 
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6-Chloro-3-(1 -Methyl-2(S)-methyloxyazetidinyl)pyridazine ; 

3- (2-(S)-Pyrrolidinylmethyloxy)pyridine; 

5-Chloro-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

5- Chloro-3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

2- Methyl-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

6- Methyl-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

6-Methyl-3-(1 -methy|.2-(S)-pyrrolidinylmethyloxy)pyridine ; 

4- Bromo-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

4-Bromo-3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

3- (1-Methyl-5-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 
3-(trans-1 -Methyl-4-hydroxy-2(S)-pyrrolidinylmethyloxy)pyridine ; 
3-(f/a/JS-1 ,4-Dimethyl-2(S)-pyrro!idinylmethyloxy)pyridine; 

3-(//a/7s-1-Methyl-4-ethyl-2(S)-pyrrolidinylmethyloxy)pyridine; 

3- (1 -Methyl-2-pipecoliny lmethyloxy)pyridine ; 

4- Methyl-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

5- Bromo-3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

2- Methyl-3-(2-(S)-azetidinylmethyloxy)pyridine; 

3- (1-Methyl-2-(S)-pyrrolidinylmethyloxy)quinoline; 

4- (1-Methyl-2-(S)-pyrrolidinylmethyloxy)isoquinoline; 

6- Chloro-3-(1-(8-pyrroli2idinyl)methyloxy)pyrida2ine; 
3-(1 -(8-Pyrronzidinyl)methyloxy)pyra2ine; 

2-(1-(8-Pyrrolizidinyl)methyloxy)thiazole; 

(1R.4S)-3-(R)-(2-Thiazoloxymethyl)-N-methyl-2-a2abicyclo[2.2.1]heptane; 
(1S,4R)-3-(S)-(2-Thia2oloxymethyl)-N-methyl-2-a2abicyclo[2.2.1]heptane' 
(1S.4R)-3-(S)-(3-Pyridyloxymethyl)-N-methyl-2-azabicyclo[2.2.1]heptane-' 

(1R.4S).3-(R).(3-Pyridyloxymethyl)-N-methyl-2-a2abicyclo[2.2.1]heptane; 

5- Chloro-3-(2-(R)-pyrrolidinylmethyloxy)pyridine; 

5- Chloro-3-(1 -methyl-2-(R)-pyrrolidinylmethyloxy)pyridine; 

2- Methyl-3-(2-(R)-pyrrolidinylmethyloxy)pyridine; 

6- Methyl-3-(1-methyl-2-(R)-pyrrolidinylmethyloxy)pyridine; 
6-Methyl-3-(2-(R)-pyrrolidinylmethyloxy)pyridine; 

3- (1-Ethyl-2(S)-pyrrolidinylmethyloxy)pyridine; 
5-Chloro-3-(2-(S)-azetidinylmethyloxy)pyridine; 

4- Methyl-3-(2-(S)-azetidinylmethyloxy)pyrldine; 

2- Methyl-3-(2-(R)-azetidinylmethyloxy)pyridine; or 

3- (1 -Methyl-2-(R)-pipecolinylmethyloxy) pyridine. 
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5. A compound according to Claim 1, which is: 

3-(1-Methyl-2-(R)-pyrrolidinylmethyloxy)pyridine; 
3-(2-(R)-Pyrrolidinylmethyloxy)pyridine; 

3-(1-Methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

1 -(Methyl)-2-(S)-(1 -O'-pyridyloxyJethyOpyrrolidine; 

3-(2-(S)-Azetidinylmethyioxy)pyridine; 

3-(1 -Methyl-2-(S)-azetidinylmethyloxy)pyridine; 

3-(2-(S)-Pyrrolidinylmethyloxy)pyridine; 

5-Chloro-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

5- Chloro-3-(1 -methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 
2-Methyl-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

2- M©thy|.3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

6- Methyl-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

6-Methy|.3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 
4.Bromo-3-(1-methy|.2-(S)-pyrrolidinylmethyloxy)pyridine; 

3- (1-Methyl-5.methyl-2-(S).pyrrolidiny!methyloxy)pyridine; 
3-(/ra/Js-1,4-Dimethyl-2(S)-pyrrolidinylmethyloxy)pyridine;' 

3- (f/ans-1 -Methyl-4-ethyl-2(S)-pyrrolidinylmethyloxy)pyridine • 

4- Methyl-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 

5- Bromo-3-(1 -methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 

2- Methyl-3-(2-(S)-a20tidinylmethyloxy)pyridine; 

3- (1-Methyl-2-(S)-pyrroiidinylmethyloxy)quinoline; 

(1R,4S)-3-(RM3-Pyri d yloxym^ 

5-Chloro-3-(2-(R)-pyrrolidinylmethyloxy)pyridine; 

5- Chloro-3-(1-methyl-2-(R)-pyrrolidinylmethyloxy')pyridine- 

6- Methyl-3-(1-methyl-2-(R).pyrrolidinylmethyloxy)pyridine; 
6-Methyl-3-(2-(R)-pyrroiidinylmethyloxy)pyridine; 

3-(1 -Ethyl-2(S)-pyrrolidinylmethyloxy)pyridine; or 
5-Chloro-3-(2-(S)-azetidinylmethyloxy)pyridine. 

6. A compound according to Claim 1 , which is: 
3-(2-(R)-Pyrrolidinylmethyloxy)pyridine; 

3-(1-Methyl-2-(S)-pyrrolidinylmethyloxy)pyridine; 
3-(2-(S)-Azetidinylmethyloxy)pyridine; 

3-(1-Methyl-2-(S)-azetidinylmethyloxy)pyridine; 
3-(2-(S)-Pyrrolidinylmethyloxy)pyridine; 

5-Chloro-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 



WO 94/08992 



PCT/US93/09662 



88 

5- Chloro-3-(1-methyl-2-(S)-pyrrolidinylmethyloxy)pyrldine; 

6- Methyl-3-(2-(S)-pyrrolidinylmethyloxy)pyridine; 
6-Methyl-3-(1 -methyl-2-(S)-pyrrolidinylmethy toxy)pyridine ; 
5-Bromo-3-(1 -methyl-2-(S)-pyrrolidinylmethyloxy)pyridine ; 
2-Methyh3-(2-(S)-azetidinylmethyloxy)pyridine; 

5- Chloro-3-(2-(R)-pyrroKdinylmethyloxy)pyridine; 

6- Methyl-3-(2-(R)-pyrrolidinylmethyloxy)pyridine; or 
5-Chloro-3-(2-(S)-a2etidinylmethyloxy)pyridine. 

7. A pharmaceutical composition for treating cognitive, neurological, and mental 
disorders characterized by decreased cholinergic function, comprising a 
pharmaceutically-acceptable carrier and a therapeutically-effective amount of a 
compound according to Claim 1 . 

8. A method for selectively activating neuronal nicotinic acetylcholine receptors 
comprising administering to a patient in need of such treatment a therapeutically- 
effective amount of a compound according to Claim 1 . 

9. A method for treating dementias, attention-deficit disorder, anxiety associated 

with cognitive impairment or substance abuse withdrawal characterized by 

decreased cholinergic function comprising administering to a patient in need of 

such treatment a therapeutically-effective amount of a compound according to 
Claim 1. 



